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Puppotyp6unp. Kosaaes H. H. Ji., «Mammuocrpoe- 
HHe». 197] r. 584 crp. Ta6an. 43. Maa. 341. Bu6n. 116 Hass. 


B kHure KpaTKO OCBeLMLalOTCA OGULHe CBEACHHA O TEOPHH FHApOTyp- 
OHH HM BLIOOpe HX NapameTpoB. Tloxpo6xo onuchipaioTca KOHCTPYK- 
HH COBPe€MeHHbIX KPYNHbIX PalHaJIbHO-OCeBbIX H NOBOPOTHOJONAcT- 
HBX ruApotypOun. W3aaraetca nocaeqoBaTeAbHOCTh MpoeKTHposBa 
HHA COBP€MCHHOH MOULHOH ruapotypOunel. IIpuspogatca annie 
O KOHCTPyKIHW, MeTOMax pacueTa H NpOeKTHPOBaHHA BamKHeHWHX 
y3JIOB H JeTameH rHApoTypOwH: CNMpasbHOH KaMepbI, HaNpaBsaAtw- 
wero almapata, KOJIbIeBLIX ReTalei, pa6ouero KOJIeca, Baa, NOA- 
WHNHHKa HW BCNOMOraTebHOrO OOOpyOBaHHaA. 

/laioTca KpaTKHe CBeJeHHA O CHCTeMe peryJHPOBaHHA ru~portyp- 
OHH. 

Kuura MpeqwasHayaetca JIA WHKeHEPHO-TexHHYeCKHX paboT- 
HHKOB FHAPOTYPOHH 3aBONOB, NpPOeKTHHIX H HaydHO-ACCAeMOBATeVIb- 
CKHX OPraHH3alHH, OHA MOXKET ObITh TaK2Ke HCNOb3OBaHa CTYJeH- 
TaMH BTY30B. 


Peuweu Se@HT Kang. TexH. HayK B. M. Maaouues 


NPEJMCIOBHE 


ee 


l'vaporyp6OocTpoenue B HallieH cTpaHe, co3qaHHoe np CoBeTcKo BacTH, 
JOCTHIIO 3HAYHTEIbHbIX yCHeXOB. 

Bobloe KOJHYeCTBO THApOTy p6uH OOWEH MOULHOCTHIO CBblille 30 MH. Kem, 
CO3aHHbIX Ha 3aBOJaX CTPaHbl, yCNMelIHO SKCNAyaTHpyeTcA He TONbKO Ha 
OTeYeCTBCHHbIX FHAPOCTaHWHAX, HO H 3a py6exKoM. 

YcnewwHO 9KCMIyaTHpyloTcA Ha KackanaxX BowxKckux, KamcKkux, Tue- 
MNpOBCKHX THApOcTaHuHAX KpynHeHwiMe B MHpe NOBOPOTHOONACTHEIe rHpO- 
TY pOHHHI. 

JlnutenmbHoe BpeMA HaXOJHTCA B 3KCIWyaTaNHu Gobiad CepHA MOMLHBIX 
PpayHasIbHO-OceBLIX THIpoTypOH“H Ha Bpatckoh TSC. Ycnemno pa6oraior 
CaMble MOLMIHEIe B MHpe Typ6uHE! 10 500 000 Kem Ha Kpacnoanpcxon TSC, 

CrpOeKTHpOBaHbl, H3FOTOBAeHHI HW yCNellHO SKCIIyaTHpyloTcaA Ha ruypo- 
CTaHIHAX MMalOHaNbHad HW YTOPH3SOHTAabHbIe KancyJIbHblIe THypoarperarhi. 

JlanbHehuiee pa3BuTHe 9HeEpreTHKH B HallleH cTpaHe noTpe6yeT yBemnye- 
HHe TIpOH3BOJCTBa THApPOTyYpOHH pa3IHUHbIX THNOB, COBeplIeHCTBOBaHHe 
HX KOHCTPpyKUHH, y1y4uWeHHe 9HEpreTH4ecKHX HW KABHTAMHOHHBIX NOKasaTeven. 

Ann JlaibHehiwero pa3sBHTHA FHAPOSHeprerHyeckOro CTPOHTeIbCTBA BaxK- 
HOM 3aqaueH ABJIAeTCH CHHKeHHe CTOHMOCTH FHApocTaHuHH. XoOTA rHApoTyp- 
OHHBI H COCTABJIAIOT HEOObIIyYIO UaCTh CTOHMOCTH BCcero. coopyxeHHA TOC, 
raOapuvTbl UX MpOTOUHOH YacTH, OCOO6eHHO HH3KOHANOPHBIX TYPOHH, OKa3bI- 
BaloT OObWIOe BAMAHHE Ha CTOHMOCTb Bcero COOpyKeHHA, OCOGeHHO eFro NOL- 
BOJHOH 4actTH. Ilostomy CHH)KCHHeE CTOHMOCTH H YyCKOpeHHe CpOKOB CTPpOH- 
T@JIbCTBA THAPOCTaHUHH BO MHOTOM 3aBHCHT OT KOHCTpyKUHH MpHMeHAeMBIX: 
THIpOTy pOuH. 

B cBa3H C 3THM LHemecoo6pasHo O6o6mleHHe ONbITa paboTn! THApoTy p6ocTpou- 
TeleH, NOJOKMTeCbHbIX H OTPHUAaTeJIbHLIX KayeCTB THApOTyYpOHH Avi HX 
aJIbHeHWeroO COBEPHICHCTBOBAaHHA. 

3a BpeMA, Mpollequiee Nocne BbIXOZa B CBeT NepBoro H3aHHA MOHOrpa- 
(uH, B HalueH CTpaHe CO3QaHO MHOFO HOBBIX pa3HOOOpa3sHblx rHApoTypOuny. 
3a 3TOT NepHogx noMuMO JIeHHHIpaycKOro MeTamAM4eCKOrO 3aBONa UM. XXII 
cpe3ya KIICC rugpotyp6octpoenve 6blI0 OpraHH30BaHO H Ha XapbKOBCKOM 
TYPpOHHHOM 3aBoye HM. C. M. Kuposa. 

XTIT3 u3roroBHs MHOFO KPyNHbIX THApOTyYpOHH OPHTHHAJIbHbIX KOHCTPYyK- 
WHA, yCneWiHO 9SKCIIyaTHpyIOuUlNxcaA Ha YTHAPOCTaHWHAX Halleh CcTpaHbl. 
B noceqHee BpeMA BHOBb OpraHH3seBaHo ruypoTypOocTpoenue u Ha ChIspan- 
CKOM 3aBe@Jle TAKENOTO MallIHHOCTPOeCHHA. 

B cBa3H C BbIMLeH3JIOXKCHHbIM BO 2-M H3J,aHHH MOHOrpadun BHECeHHI J0- 
OaBJIeHHA H MAaTepHabl WACTHUHO NepepaooTaHbl C YYETOM HOBbIX MaHHbIXx. 

BB mpenziaraemoh MOHOrpapuH paCCMaTPHBAaIOTCA KOHCTPYKUMH TH_po- 
TYpOHH, HX pa3BHTHe HM pacueTbI FeTaneHh. Onucbipaeteca Take NOpAOK 
MNPOCKTHPOBaAHHA HW OCBelalIOTCA BOMpPOCh], KOTOPbIe MpHXOAHTCA pellaTb — 
KOJIJIEKTHBY KOHCTPYKTOPOB H pacueTUHKOB B Mpomecce co3iaHHA CoBpe- 
MeHHbIX THApOTypOHH. 
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Ala MOIHOTO MpejAcTaBAeHHA O THAPOTypOHHe B LWeEIOM B Hauale KHHTH 
KpaTKO. H31araloTCA BONpOCbl OOULEH TeEOPHH THAPOTYPOHH HW HX YCTPOHCTBa. 
Jina STOH Ke WeJIH B KOHLI MPHBOJATCA KpaTkHe CBeeHHA O BCMOMOraTeib- 
HOM OOOpyJOBaHHH HM CHCTeMe peryJIHPOBaHHA THpOTypOHH. 

B LlenTpaabHOM Hay4HO-HCCeqOBaTeIbCKOM KOTJIOTYPOHHHOM HHCTHTYTe 
uM. HM. H. [lom3synHosBa 6b mpoBezeHbl paOoThI NO pa3sBHTHIO TEOPHH FHuApo- 
TYPOHH HW CO3\aHbI YTOUHeEHHbIe METOJbI pacueTa Ha MpOUHOCTh HX jeTaveH. 
HekoTopble pe3y.JibTaTbl PaOOTbl OTPaxKeHbI B HACTOALICM H3aHHH. 

B uacTHocTH, 10 mMaTepHantam LKTH mpyuseseH yTrouHeHHbli pacueT no 
KOJIBICBbIM JIeTaIAM, eTaJIHM HalpaBsAtolllero alnmapatTa H CIHpa/IbHbIM 
KaMepaM. OTH MaTepuabl COCTaBJICHbI: KaH. TexH. Hayk B. A. Bepkmanom 
ra. V, no. 7, 8, 10 wu 12; nn. 5, Ou 9 (4acTHUHO) w r4.VI, nn. 2—8u y-pom 
TexH. Hayk B. C. Tloctoespmm ra. TV, nn: 5—6. 

MatepHasbl 2-ro H3,aHHA MOHOTpaduu H3v1IOKeHbI B 12 rraBax. 

Bra. I qatorca o6uiMe CBeeHHA HW 3JIEMeCHTAPHbIe MOORKeHHA TeOPHH 
TypOnH, B ra. Il onncpiBaloTcH KOHCTPyKUHH pa3JIHUHbIX THApOTypOHH, 
Bora. Ill usmaaratotca oco6eHHOCTH H NMOPANOK MpoeKTHpOBaHHA TYypOUH, 
Bri. IV omucplBaeTCcA MpoeKTHPOBaHHe NPOTOUHOH actu, ri. V—X mocea- 
IeHbI KOHCTPyHpOBaHHlO H pacdeTaM PaBHbIX y3/1I0OB TypOuH, Bra. XI npu- 
BOJATCH JaHHble O BCIIOMOraTeJIbHOM OOOpyOBaHHH, Br. XII qarwotrca Kpar- 
KHe CBesleHHA O CHCTemMe peryJIHpOBaHHA THApOTypOHuH. 

ABTOp TIpHHOCHT O1arofapHOCTb 34 NOMOLLb MPH COCTaBJIeEHHH PYKONNCH 
O. H. Jlo6puuckxon u JI. A. Akosaneson. 
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1. MOWIHOCTb rH POT YPBHH 


Typ6uHa ruazposmeKTpocTanuya HCNOMb3YeT. pHeprio, BOJbI, PacnongyseH: 
HYlO0 Ha Ppa3HbIX BbICOTAaX HAJ. yPOBHEM, MOPS. 

PasHOocTb BBICOTHEIX OTMeTOK, BON Bb uw H B (puc., 11). WashIBaeTcH ‘Ha- 
nopom f7, a KOJIM4eCTBO.. BOH,. qpoTekaroulee B ‘e2MHHRY ‘BpeMeHH, — pac- 
xonom Q. 

IloroK BOJbI c ONpeyeueHHbIM HanopoM 4 pacxoyloM MoecrynaeT no cnu- 
pasbHOH Kamepe / yepe3 HalpaBAAIOWMh anmapaT 3 Ha AonacTHyio CHCcTeMy 
paGouero Koseca 4 WH CO3AaeT Ha BaNy arperatra Bpanlaoun hi Moment. Potop 
reHepatopa, Bpallladcb, BLIPadaTHIBaeT 9HEKTPHAeCKHA TOK: Bona of padouero 
KoyIeca OTBOJHTCA B HHKHNE Opeth no “OTcacbiBalolen ‘TpyOe 6. 

Pa6oTa, KOTOpylo COBepliaeT NOTOK BOJbI, 3ABHCHT OT ee KOMHUeCTBA 
H BeHUHHbI Hamopa H ONpeyesAeTcA 43S OOWIHX 3AKOHOB MeXaHHKH. 

MomjHocTb NOTOKa BOJbI 


_ VQHep 


Nn = ET 


= 981QH xem, (I.2) 


rie y— YAeAbHBIM Bec BOLH B «T/a; 
Q — pacxoy Bogu B m3/ceK; 
Hep — Hallop ycTaHOBKH HH Hanop OpyTTo B mM. 
B rUpOTyp6uHe 3Ta MOUIHOCTb NOTOKa HoOme3HO MCHOMb3yeTCA. TOAbKO 
yacTHUHO, Tak KaK YaCTb 9HeEPrHv WeT Ha Hens6exHEIe noTepu. 
-Ecan N- — MOMIHOCTh Ha Basly TYpOHHBI, TO Bcerga GyneT COGmO2eHO He- 
paBeHCTBO 


N<N, uu N= WN 


re Ny — K. i. -THIpetry pOHwHHON ycraHoBKu; Ny He -yUMTbIBaeT.. NOTEPb 
MOLIHOCTH B TeHepatope, HOSTOMY eFo CAeLyeT OTAMMATS OT o6uero 
K. 0: 0. Koodbunuent neaesnoro gelicraua Bcei THApecTaHunH 
B I@JIOM, KpOM€ YKa3aHHbIX NOTepb, YUHTbIBaeT ele. WH NOTepH 
B ruaAporeHepatope, 
Pa6ounk Hanop H (uau Hanop ‘HeTTO), KOTOPBIf JOJKeH ObITh HCMOb30BaH 
B TypOuHe, Bcerja OyfeT. MeHbllle Hanopa ycTaHOBKH. He, Ha BeHuMHy M0- 
Tepb SHEprHv Ha NYTH ABHKeHHA BObI OT NOBeEPXHOCTH Oneda AO Ty pOuHEI, 
a TakKxKe B OTBOJAILEM KaHase 3a Ty pOuHO:, ‘T. e. 


H = Hop — (Altmp + Ahy), 


rye Atimp — loTepH Hallopa B NOABOAALIHX COOpyKeHHAX; 
Ah, — Norepu: Hallopa B OTBOMAINeM KaHaue. 


Pa6ounH Hallop MOXeT ObITH ONpeyeseH KaK Pa3HOCTb 9HEprHuH | Ke BOMB 
B MNOMe€peuHbIX CeYeHHAX NpH BxoRe B TYPOHHHYIO KaMepy HU B Haase OTBO- 
yamlero KaHasia © : 


Pe U, Pr Us 
H= “yt %e tb tea — “pb an + Oe oF ’ | (1.2) 


rye p. H Pe — cpefHee JaBnenve B KI/cm?; 

Ze WU Z,— BbICOTa OTMETKH B M; | 

U, H Ux, — Cpe@HHAA CKOPOCTb BOJbI B M/CeK; 

g — yckopenue cHJIbI TAxKeCTH B M/ceK?; 
OQ, HO, — KkoodpunHenTH KopnHouuca, yYHTbIBaIOlHe HepaBHOMePHOCTh 
paciipeyelenHaA ckopocTeH no ceveHHsAM. | 

B sToH dopmysie HHAeKC e€ OTHOCHTCAH K BXOJHOMY ce4eHHIO TypOuHHOL 
KaMepbl, a HHZeKc K — K Havamy OTBOAAMIero KaHawa. 

CneqoBaTeIbHO, paOouHH Hanop eCTb TO KOJH4eCTBO HepruH, KOTOpoe | 
(paKTHYeCKH MOXKHO HCIONb3OBaTb B TYpOHHe. 

MOLHOCTE N, BogoToKa, HMeloliero pa6ounh Hanop, 6yzeT 


Ng = 9,81Q A xem. 


-Ecau yuecTb NOJHBI K- 1. 2. TypOMHBI 1), TO MOULHOCTb Ha Bawly TypOuHEI N 
pH pa6ouem uanope Hf u pacxoje Bogsn Q 6yjer 


N = nN, uan N = 9,81QHy Kem. 


TlorepuH MOlWHOCTH B ryp6une paBHBI 
AN = 9,81QH (1 — n) Kem. 


STH TOTepH CKMabIBaloTCA H3 MOTepb Hanopa Ha rvpaBmuyeckoe Tpenue 
B MIpOTOUHOH YaCTH TypOHHbi, MCCTHbIX BHXPeBbIX NOTepb, OGYCJIOBeHHBIX 
H3MeCHeHHEM BeJIMUHAbI HM HallpaBAeCHHA CKOPOCTH MOTOKAa, NOTepb CO CKOPOCTbIO 
ip BbIxXoye NOTOKAa H3 TYpOHHbI, yTeYeK BOALI MHMO JIOMacTeH pa6ouero Ko- 
gleca, M€XaHH4eCKHX TOTepb B NOMMIHNHHKE H Jp. 

Benwunna x. 1. . TYPOHHbI SaBHCHT OT e€ KOHCTPYKUHH, pa3MepoB HU 
pexKHMOB pa6OoThl. Y KpyNHbIX TYPOHH K. 11. A. OOBIMHO GoubIIe, YEM Y MAJIbIX, 
TaK KaK Y MaJIbIX TYPOHH OOJIbIMaA OTHOCHTe€JIbHaA LWIeCpOXOBaTOCTb OMBbIBae- 
MbIX MOBepXHOCTeH NMpOTOUHOH YacTH y HHX Tak2Ke MeHbIUe WnCa PehHompAca 
H OOJIbUIe OTHOCHTeJIbHbIe MeXaHHuecKkHe MOTepH. 

B coppemMeHubix KpynHbIX TypOuHaX BeHUMHA K. MI. J. wocTuraetT “92 — 
93% u Bple (10 96,0%). “ 

BbicoKkve 3HaueHHA K. M1. Jl. ROCTHTAIOTCA TOKO B oco60 ON aronpHATHBIX 
YCIOBHAX MpH oOmpemeeHHbIX cogdeTaHHAX pacxojia, Hanopa Hu CKOpOCTH 
BpamleHHA, T. €. IPH TaK Ha3bIBAeCMOM ONTHM@JIbHOM pexKUMe PaGOTHI Ty POUHBI. 

MouHocts arperata N29 Ha 3axKHMaX reHepaTopa rH ApoycTaHOBKH MOKHO 
ONpeyeHTb, CCH yuecTbh K. 1. 0. renepaTopa ne, 


Nazp = 9,81QH nH. Kem. 


K. 1. A. reHepaTopa IIpH HenocpeACTBeEHHOM COeHHeEHHH Bana TypOuHbI 
Cc BaJIOM reHepaTopa KowleOneTcA B Mpefenax 95—98%, T. ec: OOuIHH K. N. OL. 
TyYpOuHEI HM reHepatTopa coctaBuT oKom0 91—90%. 

B 3aBHCHMOCTH Of pacxogza Q, Hanopa H u ux coueTaHuH, MOLHOCTb Typ- 
OHHbI MOXKeT H3MCHATBCA B OYCHb WHPOKHX mpeyemax — ot 5—10 Kem jo 
650 000 xem u Bbillle. 

IIpu 9ToM J106aKn 3aaHHaA MOMLHOCTh TyPOHHbI MOKET MOTPeOOBaTb B 3a- 
BHCHMOCTH OT Hamopa H MAaJIbIM H OOJbIIOH pa3Mepbl pabouero koveca. 
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2. KAACCH®HKAUHSA FHAPOTYPBHH 


B cBA3H C OOJIbIHM pa3HOOOpa3sveM KOMOHHALMH HanOpoB H pacxozoB, 
JIA KOTOPbIX COOPyKaloTcH THAPOcTaHWMH, Tpe6yioTcA pasHoobpasHute 
rH{poTypOuHbl. KaaccuukalvA COBpeMeHHBIX ruxpoTypOuH mnpuBenena 
B Tao6a. I.1 | 

Ta6nuna Il 


KuacchukalHa ruigpotyp6un 











Kaace PeakTHBHHe AKTHBHHe 
Tun Ocephie HOBOpoTHo: J\varonambubte Paquanbuo-oceshie Kosuoauie 
| TIpeaenus H=2-+-70 om; | H=40~+120 4m; H=40+500 H=300-+- 1700 x 
nip uMe- (kpymuble) _ (Kpymuzte) 
HEHHA | Dy=1,0+10,5 m; | Dy=2,5+7,65 om; H=2~200 a H=40~+250 m 
(MasIble); > (Mastste); 


N no 250 000 kem| N go 350 000 xem | D,y=0,35--7,5 mu; | D,=0,36+5,2 mu; 
N no 600 000 kem | N no 250 000 xem 





H3 TaG6IHibl BAHO, UTO B HaCTOAIee BPeMA NPHMeHSIOTCA WBa KIacca 

THApOTypOuH —- peaKTHBHble WH AKTHBHbIe. OTH Ha3BaHHA B H3BeECTHOH Mepe 
ie Te ee pe ate gee eT om eer . 
YCJIOBHBIe. 

Bonee MpaBHJIbHO Ha3bIBaTb peaKTHBHbIe TYypOHHEI HallopHocTpyi- 
HBIMH, a AaKTHBHbIe — CBOOOHOCTPyHHBbIMH, TaK KaK 3TH TePMHHBI AyuMe 
OTPaxKalOT CYIIHOCTh MpOHCXOAALIMX MpoOreccos. 

M3 3aKoHa coxPanennn mee ru{poMexaHuKu — 3akona JI. Bepuyaau, 


ete +z= E= const (1.3) 


BHAHO, YTO SHEPIHA BeCa AKHAKOCTH B OOMIEM CJlydae COCTOHT 43 Tpex pa3- 


JIHUHBIX BHJIOB, COOTBETCTBYIOHIHX TPeCM YWIiCHaM yPaBHeHHA _(KHHeTHYeCKaA 
2 


v e 
tp Ba BHa NOTeHUHAaIbHOH — 1aBsIeHHA > H NoloKeHHA Zz): B 3aBn- 


CHMOCTH OT TOrO, KaKHe BHJb] 3HeEprHH MpeoOpasylotca Ha pa6ouem Kowece 
TYpOHHbI, NocmeqHHe AeJIATCA Ha pasHble KJIACCHI. 

OrqaHHan Boon pa6ouemy KOJlecy 9HeprHua, O“eBHAHO, GyeT paBHa pas- 
HOCTH 3HEPrHH NoToKa JO HM NocNe pabovero Koneca. O603HauaA BXOX Ha J10- 
llacTH paOovero Kouleca HHeKCcOM /, a BbIXOJ, HHJCKCOM 2, MOKEeM HAaNHcaTh 


"ae aie Pr Po — +2,—2,=A._ (1.4) 


ve 


B peakTHBHbIX HJIH B HalOpHOCTpyHHbIX TyYpOHHAX JOJKHO ObITb 
a + 2) —2, >0. 
Uem Oobwe OyyeT pa3HocTb 
Pr, ) ( Po ) 
( ” + 1 ” + “2 ’ 


TeM OOJIbIUaA YaCcTh 9Heprun A G6yeT NOWy4yeHa KOJIeECOM 3a C4UeT NOTEHUHAb- 
HOW 4aCTH SHEPIHH, T. e. MO peaKTHBHOMY MpHHWuNy, A HaOGoporT. 

PeakTHBHbie TypOWHbI ABJIAIOTCA CaMbIMH pacnpocTpaHeHHbiMu [27] u 
OXBaTbIBaloT HaHOoee wacTO BcTpewaioulHecs Hanopbl Ha rHApOsIeKTpOcTanH- 
uHax (1,5—500 »). 


Y cBOOOMHOCTPYHHBIX, HIM AKTHBHBIX, TypOHn 111] japaeHue na-Bxoge 
H BHIXONe HS, padovero KONeCa OMMHAKOBO, T..€. Py = Pz. Ha pa6ouem xKosece 
ripeobpasyerca. TOAbKO -KHHETHUCCKaN SHepruaA, ‘KOTOpOH. pacnonaraeT ABH- 
*KYIMWAACA B aTMocdbepe. crpya, Onu paOoraioT Np HOpMabHOM aTMociepHoM 
JaBJIeCHHH HE B CIJIOWIHOM NOTOKe, a NOX BO3szeHcTBHeM CBOOONHOH cTpyH. 
B akTHBHBIX TYpOHHaX NpakTHyeckH Bech Hanop H mpeoOpasyerca B CKOpocTb 


v= ky V 2H, 
rie k, — KOSPPHHeRT, © onperestsomtnik norepi pH oOpasopaHuu CTpyH. 
O6n4HO Rk, = 0,970+-0,985;: — 


Jipa kKJlacca rHApOTy pOHH, peaKTHBHble H AKTHBHBIC, RenaTen Ha CHCTeMBI 
rHAPOTY pOHH. 
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Puc. I.1. Cxema rugpoarperara 


Vs peakTHBHEIX, TypOun B HacTosiee BpemMa npakTH4eckoe 3HaueHHe HMECIOT 
caefly one THMBI: MOBOPOTHOMONACTHHE, AMaroHaAbHbIe H PanHanbHo- -OCEBHIC; 
H3 :@AKTHBHBIX —- KOBINOBbIe. ) 

UP aypotyp6una CocTout H3 cmenyromax OCHOBHBIX 3J1eMeHTOB (puc. 1.1): 
nojwBonANasK Kamepa /, cTaTop 2, HanpaBAioMMA annapaT 3, KppuuKa TYp- 
OHHEI 5, .pa6oyee Koueco. 4, Kamepa paOouero Kojleca 8, oTcacbiBaloulan 
Tpy6a 6, Ban 9,. ogWMnHMKH [106]. Tanporypouna cOeMHAeTCH. C reHepa- 
TOROM 7. 

‘B peakTuBHBIx “ry pOunax TosBoyaias Kamepa OObIuHO uMéeT crupane- 
o6pasnyio (popMy H OGecie4uHBaeT paBHOMepHHIA HO BCeH OKPYyXHOCTH NOABOL 
BOAbI K HanpaBlsiomjemMy almapaTry. B akTHBHbIx TypOuHax (puc. 1.2)’ Bona 
NOABOANTeA. K pabouemy KOuIecy J, Kak NpaBHao,. He NO: Bcei- OKPYyKHOCTH, 
a OT@IbHbIMH CTPyAMH. Ilostomy NogxBOAMAaA KaMepa akTHBHOH, B 4acT- 
HOCTH KOBINOBOH, TYPOWHbI mperzcTaBaAaeT co6o Tpy6onpoBon 40 ‘(e caryuae 
HeECKOJIBKHX CTpyH — COOTBeETCTBCHHO pasBeTEVIeHHDli KedeKTOP), cono 3 
HM ourdy 2. — 

HanpaBiAloWlMH annapaT TypOWHbI NpH3sBaH- ‘oGecneuuBaTb HeOOXORUMOE 
Ha Bxoje B paOouee KOeCo HanpaBbsleHHe NMOTOKA U peryAHpOBaTb pacxoy 
Typ6uHbl. B peakTHBHbIx Typ6HHaXx Halp abuso anilapaT cCOCTOHT H3 
CHCTEMbI NOBOPauHBaWMUXcH BOKPYF CBOHX OCeH C MOMOMLbIO CHelHaIbHOTO 
MmpuBosa JonaToK. B SaBHCHMOCTH OT KOHCTpyKUMH TypOHHLI OcH ONnaTOK 
MOFYT ObITb MapaAJebHbE OCH TyPOHHbI (paquabHElt HalpaBAAOWHh alina- 
pat), nepneH Ky ApH e% (oceBoH- HalipaBsAOWHH annapat) H HaKJIOHHbt 
K Hei (KOHH4eCKHA HAM AMaroHaDHbI HanpaBasiomMa anmapar). Hanpas- 
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JISIOWLHH amfapaT  KOBLUOBOH: Ty POMHbI Ha3bIBaeTCA COTIOM. Cono mpencTaB- 
#xeT COOOH CyKalOWHMHcA HacayoK c Nepemeulawuenca BHYTpH ero’: B OCeBOM 
HanpaBJeHHH -TpymesHyzAHOH urnok. Tipu nepememenuu UrJtbl H3M€HACTCA 
HpoxofHoe ceueHve Coma H TaKHM WyTem peryaupyerca pacxog. es 

B 30He pa6ouero KouIeca NOBOpPOTHOONAaCTHOH TYDOHEDT HalpaBseHHe: npu- 
CHUA WOTOKa NapaesbHO OcH TypOuHbI (puc. 1.2; a). Hosromy stu ‘ryp- 
OHHbI HA3bIBaIOT . OCEBbIMH. ) 
JlonacTH pa6ouero koveca 
HMCIOT BO3MOXHOCTh B Npo- 
wecce padoTH: moBopauH- 
BaTbCH BOKpyr CBOHX oceH, 
KOTOpble NepneHAHKyJIAPHBI 
ocH Typ6uuu, : Takum llyTeM 
oOecneuHBaeTcA YJIOBJIETBO- 
PUTeIbHOe o6TeKaHue siona- 
cTell H, C@QOBaTeIbHO, BBI- : " 
COKHH K. 1. 2. MpH mo6om = 9) | 


H3MCHEHHH. peKUMA PaoorTHl ih 
Ty pOHHEI. Pa3HOBHAHOCTbIO /. LE LI LLLA_| ZZ 


Ce 
NOBOpOTHOMONacTHBIX TYP- —tIh \_ 7 i 
OHH ABAAIOTCA NMarOHalb- =“ a) \l/ UW? 2 
Hble, OCH Jonacte . pa6o- AL* 2¥ I 
wero KOeCa KOTOPbIX o6pa- | Z 
3YIOT .OCTPhIM YOu C OCbIO | 
TYpOHHEI. 

-B 30He pa6ouero kKovleca 
pajlHaJIbHO-OCeBOH TY POHHbI 
OCHOBHOe HalipaBseHHe II0- 
TOKa NepexOJuT OT pagHas- 
Horo K oceBomy (puc. I.2,¢). 
JlonacTu HeNOABHXKHBI H OX- 
BayeHbI O6o0M. JlonacTu 
pa6ouero Komeca KOBINOBOM j fo2 


Ty pOHHbI 10 (lopMe HanoMH-| 2 : a . 
Haior KoBUIM (puc. I.2, 0), Puce. 1.2. Cxembl pa3vJIHUHbIX TYPOHH: @ — TlOBOpPOTHO- 

AOnacTHOH; 6 — AMaroHaJIbHOH; 6 — paykvanbHo-oceson; 
OTKYHa H MpOHCXOAHT Ha- 2 — TrOPH30HTaNbHOH OceBOH; 0 — KOBIIOBOM 
3BaHHve TYypOHHbI. 


OrcacbiBaiouan Tpy6a aBaaeTcA yudby3opom, o6ecneunBaeT CHM xKeHHeE 
CKopocTeH Ha BbIXOJe H3 TypOHHbI HM COOTBETCTBYIOMee BOCCTAHOBJIeHHe aBvyie- 
HHA. B OoObUIMHCTBeE CyuaeB OTCACHIBalOlylIo TpyOy MpHXOANTCA elaTb 
H3OrHyTOH H3-34 KOHCTPYKTHBHBIX cooOpaxKeHHi. B KOBINIOBLIX TypOHHaX, 
Kak yKe TOBOpH0Ccb, Ha BbIXOJe 43 pabouero Koleca LaBMeHHe PaBHO aTMO- 
ccbepHomy H TOTOMY HeT HeOOXOJHMOCTH B OTCaCHIBalolWeh Tpy6e. 











3. OCHOBHOE YPABHEHHE TYPBHHBI 


IIpu o6rekannu sonacteit pa6ouero_ Kojleca NOTOKOM BOJbI MexKy Jlona- 
CTAMH HW MOTOKOM MIpOHCxoyHT B3aHMOgelicTBHe. TIoToK OTKOHAeTCA OT CBOerO 
NepBOHavaIbHOrTO HalmpaBJIeHHA, a JOMaCcTH ABHTaIwoTcA Nox JeHCTBHeM ero 
WaBIeHHA HW CO3MalOT BPalllaTebHbIH. MOMCHT Ha Bay paOoyero kKoveca. 

HaiijemM MOMCHT peaKIIHH Koleca Ha MOTOK npH yCTAaHOBHBINeMCA pexKHMe 
pa6oTn TypOvHEI. 

3a Bpema A? Ha sonacTu paGouero 1 Kowleca focry naer HeEKOTOPOe KOJIHYECTBO 
BOJbI, HMeloulee Maccy m (puc. 1.3), H B COOTBeTCTBHH C 3aKOHOM coxpaHeHua 
MACCbI TaKOe Ke KOMHYECTBO BOLI YXORUT C padouero Koveca.. 
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CpejHIolo CKOpOCTh BCeX YacTHI BOALI AO BXOJa Ha JOMaCTb O6O3HAUHM VU, 
a nO BHIxoe c moMmacTu — Uy». 

Macca m, HMetolilax CKOPOCTb vj, TIpH Bxoje Ha qomaTKy HeceT c co6oH 
KOJIMYECTBO JIBHXKCHHA MU,, a YXOMA C padouero KOMeCa YHOCHT B OTCACHI- 
Balolukylo Tpy6y KOMHYeCTBO JBHKECHHA MU. | 

M3 MeXaHHKH H3BeCTHO, YTO H3MCHEHHE KOJIMUECTBA JIBHKCHHA HeKoTopolt 
MaCCbI B €MHHIy BPEMCHH NPONOPIUKOHAbHO JeHCTBYIOWWeH Ha YaCTHUbI Cue. 
Qa CHa eCTb peaKilHA KoOveca. 

_ [lyctb ckopocTtb v uMeeT cocTaBsaaiome (puc. 1.4): HampaBleHHe m0 
paluycy v,, MO OceBOMy HallpaBjeHHIo UV, HM NO HalpaBAeHHIO OKPy2KHON 
CKOpOCcTH J, 


U | 2 2 2 
U, uff v= V 2 + U, + Ou. 


M3 pucyHka BHHO, 4TO MO- 
MeHT COCTABJIAIOWIHX CKOpPOCTeH 
U, H Uz, OTHOCHTEJIbHO OCH PaBeH | 
Hyi0. CyeqOBaTeJIbHO, MOMCHT 
CKOPOCTH VU Of1peleAeTCA TOAbKO 
cocTaBysaioueh v,. M3menenua 
MOMCHTa KOJHUeCTBAa JBHXKCHHA 
3a Bpema Af paBHO npon3Bele- 
HHIO MOMeHTAa JIBHKYyUIMX cH M 
Ha Bpema ero jeHcTBun At 





Puc. 1.3. Cxema tTeweHua 

nNoTOKa yepe3 HallpaBJiAi0- 

HHH alnapat (/) 4 Mexvio- 

NacTHOH KaHan (2) pa6o- 
wero KOyIeca 


Mai = Mr,0,.—Mr,V,, WIM 
i) 
M = <p (P20u2 — 11Y 1); 


rye Ff, — paluyc WeHTpa TAKeCTH MACCHI BOLI y BXOZa HA KOVJIECO; 
ro — paluyc WeHTpa TAxKeCTH MACCHI BOJIbI y BbIXOZa C Koweca. 
MomeuT, JeHcTByIOWMH Ha OMacTH CO CTOPOHbI NOTOKa, — ABH KYA 
MOMEHT Ty pOuHEL — NO a6cOJI0THOH BenH4HHe paBeH TOMTy HeHHOMY MOMEHT Y 
H WMeeT OOPATHAIN 3HAK, T. e. 


M,=—M =-5 (0a — 120.2); 


HO 


rye Q— pacxox BOJHI. 
Torga 


M,= LY (ry — FeVup). 
MowHOocTb, pa3BHBaeMaa Ha Bally TypOHHbI, 6yeT 
M,= M,o= “ (7101 — T20y2) , 


re w — yrloBan CKOpocTh. 
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Oxpy2KHble CKOpocTH Ha Bxoje H BbIxose 
r,@ — uy H fo® — Us; 


N,= 22 (o,,,; — Opal). 


& 
C Apyrow cTOpOHbI, MOULHOCTb TY POHHET 
N, = yQHn. 
[logqcraBiaa 3Ha4yeHHe WN, B Mpesbiqyuree paBeHCTBO, MO/Iy4HM 
NGH = Ug — Vyglla, —— (1.5) 
ITO ypaBHeHHe NpHMeHAeTCA H B ApyroM Buse a) 
| ngH ==" a, 


roe [,=2n0,,7,— UNpKyAauuA AO padovero Koueca; 
T .=2n0,.f 2, — UWHPKyJAWHA Tocae padoyero Ko- 
meca. , 

Ypasueune (1.5), Bplpamaioujee 3€KOH MOMCHTOB 
KOJIHYeCTBa JIBHXKCHHA B TIPHIOKeCHHH K BOJAHOH 
TypOvHe, HOCHT Ha3BaHHe OCHOBHOTO ypaBHeHHA 
TYPOHHH. OHO MOKa3bIBaeT, UTO MOMEHT, Mepena- 
BaeMbiii CHHHWEH MACChl KHAKOCTH JOMacTAM pa6o- 
yero Koleca TYPOHHbI, PpaBeH pa3HOCTH MOMECHTOB 
KOJIHU4eCTBAa JBHXKCHHA 3STOH MACChI MRKHAKOCTH JO 
BxOJa B paOouee KOsIecO H Nocwe BHIXOa H3 Hero. 

BuepsBple STO ypaBHeHue Obl0 BBeeHO DiiepoM, 

HM Ke aH H OCHOBHOH MpHHIMM KOHCTPyHpoBaHHA 
TYPOHHHBIX MeXaH¥3MOB C y4erom mpaBuabnoro 2%) 
NOABOAa BOJbI K JIOMAaCTAM Yepes HalpaBAlowuH 
annapaT. A6coOTHaA CKOPOCTh BOJbI V,, CO3,aHHan 
HalpaBJIAIOUIMM allmapaTOM Ha Bxofe B pa6ouee 
KONecO, OTHOCHTebHad W, H HepeHocHad u, OOpa- : 
3YIOT 3€MKHYTHIM TpeyroJIbHuK (1.3). Puc. 1.4. Cxopocrs yactu- 
Heo6xozHMo, WoObl W, Oblla HalpaBleHa NO Kaca- UN NoroKa B 30He pa6o- 


T@IbHOM K BXOJHOMY 3eMeHTY JIomacTH. IIpnH stom FO Koueca TYPOHHEI B Me- 
. PHAHOHAIBHOH § TJIOCKOCTH 


Vy Wy ly (1.6) (a) H B MaaHe (6) 





EcJIv HallpaBJeHHe CKOpOCcTH Vv, He COBMaqaeT C HallpaBJIGHHeM KaCaTeJIb- 
HOH K BXOMHOMY 3JIEMeHTY JIOMaCTH, HaTeKaHHe CONpOBOwKAaeTcA AONOIHH- 
TCJIbLHbIMH TIOTEPAMH SHEPrHH. CyeqOBaTeJIbHO, OT BEAHYHHHI yria &, 3aBHCHT 
3PeKTHBHOCTh NpeoOpasoBaHHA SHEP, WH K. . A. TYpOUHHI. 

ONTHMaJIbHOe 3HAICHHE Ya &,, MPH KOTOPOM K. Nl. A. ROCTHTaeT MAaKcH- 
MA@JIbHOrO 3HaYeHHA, Ha3bIBalOoT yrvioM Oe3syfapHoro Bxona. I]pH usmMeHeHuu 
MOHIHOCTH TYPOHWHbI JIOMATKH HAlpaBJIAIOWLero allilapaTa NOBOpayHBaloTcA H 
TCM CaMbIM H3MCHAIOT .yroa @,. B pamwabHO-OceBbIX TypOHHaXx JIOMAacTH pa- 
G6ouero KoOsleca HeENOBUKHbE HM ONTHMAJIbHbIe 3HAYCHHA Gy COOTBETCTBYIOT 
TOJIbKO OJHOMY K@KOMy-J1H60 pexKHMYy pa6OTLI TYPOHHBI, KOTOPbIH OObIMHO 
HaxomuTca B mpenenax 3/,—*/, of NOMHOM MOIHOCTH. 

B moBopoTHosonacTHHIX TypOvHaX BeHYHHA @, C NOMOLIbIO NOBOpOTa 
jonacreH ocTaeTca O61M3KOH K ONTHM@IbHOMY 3HaYeHHIO NPH pa3JIHU4HbIx 
OTKPLITHAX HallpaBJaloulero allMapata. Dro nNosBoAAeT COXPaHHTb BbICOKOe 
3HaueHHe K. 0. 2. TYPOHMHLI B WIMPOKOM JHallas0He H3MCHEHHA MOINHOCTH. 

M3 TpeyrombHHkKa ckopocteli Ha BbIxofe 43 pa6ouero Kosleca (puc. 1.3) 
BHJIHO, 4TO aOCOUIOTHAA CKOPOCTb Uy 34BHCHT OT BeIHYHHbI H HanpaBJiIeHHaA 


Ii. 


OTHOCHTeEJIBHOH CKOPOCTH Wy, TaK KaK MepeHOCHaA CKOPOCTb Uy IPH HeEH3MeH- 
HbIX OOOpOTax TYPOHHbI 7 OcTaeTCH NMOCTOAHHOH MO BeJIMUHHE H HalipaBJeHHt. 

IIpH KOHCTpyHpOBaHHH KOJIeca CTPpeMATCH He YBeJIMUHBaTb CKOPOCTh Usy. 
Ilo cpoeH Npupoye Vy He MOKET ObITh cBeeHa K HYJIIO, TAK KaK Mp 3TOM He 
OymeT pacxoya. JL1An 9TOFO MONACTH MpOeKTHPYIOTCA TaK, YTOOLI MpH pacue4r- 
HOM Ppe?KHMe MpOeKWHA CKOPOCTH Uy Ha OKPY2KHOM HAallpaBJIeHHH UW, Oblia 
paBHa HYJI0 Uy. = 0, T. €., YTOObI CKOPOCTb U,. OblIa NePpMeCHAMKYJAPHA Uy. 

[IpakTHyecku OTCYTCTBHE U,, O3HAYAeET, UTO BEKTOP Vy. HAXOMHTCA B M.10- 
CKOCTH, MpOxovAueH Yepe3 OCb TYPOHHbI, H, CeTOBaTeIbHO, OTBOX BOJbI 
OT paOouero Kovleca IMpOHCXOANT 6€3 3aKPYYHBaHHA MOTOKA B OTCACHIBAIOILel 
Tpy6e. | 

OnbiTaMu, NpoOBeeHHbIMH 3a NocseqHHe TOA! B Wa6opaTopuAax CopetcKoro 
Co1o3a, YCTaHOBJIeHO, 4TO JVI HEKOTOPbIX THMOB KONeC HeOOAbIUIAaA NO10KE- 
TeJIbHaA, T. €. B CTOPOHY BpallleHHA paoouero kKOJleca, 3AKPyTKA OKa3bIBaeT 
OaronpHATHOe BJIMAHHe. Ha K. I. A. TYPOWHHI. 

Ecuu B TypOHHe OCyLIeCTBIeH OCeBOH BbIXOA BOJbI H Uz. = 0, TO OCHOBHOe 
ypaBHeHue TypOHHp! (1.5) mpumMeT Buy 


no@H = vytty. (1.7) 


M3 OCHOBHOrTO ypaBHeHHA TYPOHHbI MU ero aHaH3a cmeqyeT, 4TO OTMaYa 
B paOouem KOJIece OOYC/IOBJHBaeTCA, CCJIH He CUHTATh MOTeEPb, KOHCTPyKILHeH 
(popMoOH HM pacmowowKeHHeM) WONacTH pa6oyero Koweca. 


4. 3AKOH NOAOBHA HW TPHBEXTEHHBIE BEJIHUHHBI 


B ruyqpotyp6ocTpoeHuu Mp MpoeKTHPOBaHHH HOBbIX MaIUHH HX MpoTou- 
Hyl0 UaCTb OObIMNHO PaACCUHTHIBAIOT TeOpeTHYeCKH, Aa 3ATeEM, BbINOJIHHB ee 
B BHAe€ MOJeIH, HCMbITHIBAIOT B MaGopaTopHH. Pe3sybTaTbl HCNbITaHHH MORE 
YUHTbIBaIOT TIpH CO3AaHHH TYPOHHHI. 

IlpH ma6opaTopHblx HcceJOBaHHAX Ha MOJeIAX HEOOXOAMMO BbIJepKUBATh 
TpeOopaHHA 3aKOHAa NOZOOHA. B uacTHOCTH, JOJKHbI COOMOLATbCH TeOMeTPH- 
yeckoe, KHHeETHYeCKOe H AHHAMHYeCKOe NONOOHA. 

YcuoBHue reOMeTpH4eCKOrO NOAOGHA CBOAHTCA K MOMOGHIO KOHurypallun 
OOTeEKAeMbIX MOBEPXHOCTeH 3JIEMCHTOB MPOTOUHOH YaCTH TYPOHHbI, T. e. Tpe- 
OyeTcA, 4YTOOb! BCe AMHEHHbIe pa3smMepbl OOTeKAeMBIX MOBePXHOCTeH Ty POHHbI 
H ee MOJeIH OblIH MpONOpImHOHaJIbHBIMH. 

YcJIOBHe KHHEMATHYECKOTO NOLOOHA CBOJHTCH K NOAOOHIO KapTHH TeYeHHSH 
NOTOKOB XKHAKOCTH BHYTPH NPOTOUHOK YacTH CpaBHHBaembix TypO6HnH. [ipu 3Tom 
aOcovIlOTHaH CKOPOCTb, a TakKKe ee COCTABJIAIONLHe — MepeHOCHaA WH OTHOCH- 
TeJIbHaA CKOPOCTH — B COOTBETCTBEHHBIX TOUKAX MOTOKa TeOMeTPH4eCKH 
NOJOOHDIX MUrYp OAHHAKOBO HalpaBJIeHbl HW MpOMOPMHOHA/IbHbI MO BeJIHUHHE. 
MyHaue TroBopsx, ycJIOBHA KHHeMaTH¥eCKOTO NOMOOHA CBOAATCA K TMO,OOnIO 
TpeyroJIbHHKOB CKOpOCTeH B COOTBETCTBCHHBIX TOUKAaX MOTOKa. ITO yc/IOBHe 
Ha3bIBalOT YCJIOBHeEM H30TOHAIbHOCTH pPpe2KHMOB. 

YcAOBHe JHHAMHYeCKOTO NOMOOHA XapakTepuH3yeTCA paBeHCTBOM Psa 
KpuTepHeB: 4unca PehHoubaca Re, xapakTepu3yroillero OTHOWIeHHe CH HHep- 
HH K CHJIaM TPeCHHA WIA COOTBETCTBYIOW[HX TOURK TEOMETPHYECKH MOOOHBIX 
TYpOHH; unca Dpyna Fr, xXapakTepu3yrolero OTHOMeHHe CHJI HHepIlHH 
K CHJIaM Beca, H Jp. 

BpbInoOJIHHTb TPeEOOBaHHA BceX KPHTepveB TOOOUA He yMaetcn. Hanpumep, 
co6moweHHe ycJIOBHA paBeHcTBa uNCce PenHO.bAca B HaTypHOH TypOuHe u 
Ha MOMe@IH TIpaKTH¥eCKH He OCYIULECTBHMO. 

B TO Ke BPCMA MHOTOUHCJICHHbIe ONbIThI WOKAa3bIBaIoT, UTO pH Re > 10°, 
Mp KOTOPOM OObIUHO paOOTalOT MOJeIbHbIe H HAaTYPHble TYPOHHbI, H3MeHeHHE 
yuHcua Re He OKa3bIBaeT 3AMETHOFO BJIMAHHA Ha (POPMY JIBHXKeCHHA NOTOKA. 
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Bansanne uncaa Re Ha kK. 0. X., a TakoKe pasmH4ve B HIEPOXOBATOCTH MO- 
eH WM HaTypbl IIpH MOJeIHPOBaHHH THAPOTYPOHHI YYMTHIBAIOT npHOIH2KeH- 
HbIMH SMIIMpHyecKHMH (hopmMyiamMH. M3 TpeyrouIbHHKOB CKopocTeH Ha Bxoje 
u BHIxoye (puc. 1.3), ypaBHeHHa (1.6) H aHanorMuHoro ypaBHeHHA JIA BbIXOa 
nocaie mpec6pas0BaHuh HW NOACTAHOBKH B OCHOBHOe ypaBHeHHe TypOuuHpI (1.5), 


| 7 _. De _ 
HMeA B BHY, YTO Us = Ruy, rae Rk = 5.» NOYYHM 
| 1 
u? si ZR” si 
ye in B,cosa, ujk" sin By cos ay 
"8 sin (Bi — ;) sin (Bg —@_) ’ 
oTKy ja | 

— | sin (Bi — ) sin (B, — a.) ZW 
Wy = Vz a Sin B; sin (Be — a) — &? sin Bg cos Gq Sin. (By — %) V ng. 


Q6o03HauHB BbLIpakKeHHe NOM KopHeM kosppHUneHTOM &,, NOyYHM 


ty =k, V ng (T.8) 


v,=k, V ngh; (1.9) 


w, =Ry V nel. (1.10) 


HW aHasJIOrHuHoO 


Kosddunnextn k,, k, w ky, 3a4BHCAWIHe TOABKO OT yIJIOB @,; By; @, H Bo, 
Jin TypOHH OAHOM HW TOH Ke cepHu Npu paGboTe UX Ha H3O0TOHAaIbHOM pexKHMe 
OJHHAaKOBbI. CyleqoBaTebHO, CKOPOCTH TeveHHA BOLI B NOROOHBIX Ty pOHHAaX 


JOJOKHDI ObITh NponopuKonanbHB V ng. 

¥Y papueuua (1.8), (1.9) u (1.10) nosBomsioT HaHTH CBA3b MeExXKLY OOopoTamy, 
pacxoyaMH HW MOIHOCTAMH JByX NOMOOHBIX TYPOHH. 

Oxpy2Han CKOpOCTb Mpu Bxoye Ha pabouee KoecO TYPOHHBI 

| nD yn 


u=k,) ‘ng = a 





CyeqOBaTeIbHO, TIA AByX MOXO6HDIX TypOuH a u Db, npeHeOperan pasHOCTbiO 
UX K. 1. 0., OYA€CM HMETb 


ta _ Dy V Ha lil 
Nb DiaV Hy (11) 


Pacxo,, BObI, NpOxoAMmUA Yepes pa6ouee KOIeCO TYpOHHHI, 
Q= Fwz= 2Fkk, VY ngH, 


rae # — ceyeHHe KaHala MeKAy JONaTKaMH padouero Koleca, HOPMaJIbHoe 
K CKOpOCTH Ww; 
z— uvcO JomaTOK pa6ouero KovIeca. 
Alia JByYX NOJOGHEIX TypOuHH au Ob, NpenHeOperan pasHOcTbiO HX K. QI. JL, 
OyYH€M HMeTb CJICXYIOULyIO BeEJIM4YHHY OTHOWIeCHHA pacxoja: 


2: 
Qa _ PiaV Bao (1.12) 


DIV Hy | 
MoHoctb TypOuHbI 


— YQHn 
N= "102° 
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Jia 2ByX NOJO6HBIX TypOuH a u Ob, NpeHeOperan pasHOCTbiO HX K. FH. J. 

Hc. yuetom (1.12), 
Na DiHg V Aa 
Ne = DEVE Vi,’ (I.13) 
16/4 b 
®opmysipt (1.11), (1.12), (1.13) naspmatiotr dopmysamu nogo6ua. 

M3 3sTHX OTHOWeCHHH BHJHO, 4YTO y TYPOHH ORMHAKOBbIX THAaMeTPOB O60- 
PpOTbI H PacxO] H3MeHAIOTCA NPONOPUHOHAAbHO OTHOWECHHIO KOPHeH KBapat- 
HbIX H3 HaNMOpPOB, & MOLIHOCTbh TYPOHHbI MPONOPUHOHAIbHAa OTHOINeHHIO Ha- 
NOpOB B cTeneHH °/5. 

TIpw HadH4unHH WaHHbIxX O6 HCIibITaHHH MOJeCbHOH TYPOHHbI 10 3THM Qop- 
MYyJIaM MOMXKHO OpeeJIHTbh WHameTp TYPOHHbI, OOecneuHBalollHyH moyyeHue 
MOULHOCTH TPH 3afaHHOM Hallope, HW ONpedesIUMTb YHCAO OGOPOTOB H pacxoy. 

B fpaktTuke TruApoTyp6ocTpoeHHA MOMb3YIOTCA TaK Ha3bIBa€MbIMH NIpH- 
BeJICHHBIMH BeIHUMHaMH: OOoOpoTaMu f,, pacxoqoM Q; HM MomHocTHIO WN), 

IIpHpenzeHHble BeJIHUHHbI BbIpPaKaIoT COOOH UHCJIO OOOPOTOB, pacxon u 
MOWHOCTh TYPOHHBI, HMeIOWeH AHaMeTp pa6oyero Kovleca | m Hu Hamop 1 mM. 

Ecan B dopmysiax (1.11), (1.12) a (1.13) NOOKUTE Di=\inunun AH, = 14m, 


TO Np, Q, H N, 6yAyYT paBHbI COOTBETCTBEHHO my, Q; u Ny. Torna, onyckan 
HHJeKc b JH NPMBeJeHHbIX BeHUHH, NOMYYHM CuIeayIoulHe 3Ha4eHHA: 





, | \VH 
n= MH nat . 
Qp=—2— um Q=QDiVA: 
DiVH © . (1.14) 
‘ N . 
N — 
' DIHV EA me 


N = NiDiH V A = 9,81QinH V HDi xem. 

[IpupenqeHHble BEAMYHHbI ONpeNeAIOTCH OObIYHO MpH HCMbITAHHAX MOJeJIH 
H XapakTepH3yIoT Bce NOAOOHLIe TYPOHHbI WaHHOH cepuH. IIpu onpenenenun 
NIPHBeAeCHHbIX BEJIHUHH He YUHTHIBaNaCh Ppa3HHlla K. MN. 7. pasMH4HbIX TYPOHH. 
Ojuako. HecoGsloyeHHe BCeX TpeGOBaHHH 3aKOHOB NOAOGHA NPHBOANT K TOMY, 
UTO K. I. A. FEOMETPHYeCKH NORAOGHEIX MUryp pasHbIX PasMepoOB HeOAMHAKOBBI, 
BCHeACTBHE Yeo OTMMYAIOTCA HW NPHBeeHHbIe Be HUME. 

[IpH nogcuere NpHBeeHHbIX BeJIH4HH JeHCTBHTCAbHOH TYPOHHbI NO aH- 
HbIM HCIIbITaHHH ee MOJeJIH C Y4eTOM H3MeHEHHA K. I. J. NWOJb3yIOTCA Cye- — 
AYIOULMMH =BbIparxKeHHAMH: 


n, —_ n, ar) . 
Ir Iu (4 Jos 


a 

Qir = Qin (2) ; . | (1.15) 
3 

Niy — Nin (2) a | 


5. KO3@OHJIHEHT BbICTPOXOJHOCTH 


Jian XapakTepHcTHKH THApaBsMyecKHX KayecTB TYPOHHbI MO CKOpOCTH 
BpalleHHA H MpOMyCKHOH CnOcoOOHOCTH, a TakxKe JIA CpaBHeEHHA Mexy cooon 
Ppa3JHUHbIX CHCTeEM TYPOHH Hu TuNOB pabouHx KOec B THApOTypOocTpoeHHy 
BBejleH TaK Ha3bIBaeMbIH KOSPDHWHEHT ObICTPOXOJHOCTH fy. 
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[ Kosdpulnent ObICTPOXOJHOCTH UHCJICHHO paBeH YHCy OOOPOCTOB Typ6uHbI 
JaHHOHW CepHH, KOTOPaA B YCJIOBHAX paOoTH mpuH Hanope H = 1 m o6nanaer 
mMomHOCTbIO N = 1 a. ec. 

M3 ypaBuennit (1.11) uw (1.13) mytem mpocthrx npeo6pas0BaHuii H 3aMeHbI 
fh=n;, Hy=1, nn= nu A= A, N,=1 4.¢.,, Hy = 1", Ng=N 
NOYYHM | 


nV Na.¢ * 


A, = = 
"HVE 


(1.16) 


HJ1H 


nVWN xem 
HVH 


Ecau KosdpunHexT ObICTPOXOAHOCTH BbIPaSHTb Yepe3s MpPHBeeHHBIe Be- 
JMUHHbI, TO NocTe mpeocOpasoBpaHHn NOJyUHM 


n, = 3,652, VY Qin, (I.17) 


rie Q; Heo6xo_HMO 6paTb B m3/ceK. 7 
-  C nepemeHoH pexuMa paOoTH TypOHHbI, T. e€. C H3MCHEHHEM MOLLHOCTH 
HH 4HCa OO6OPOTOB NpH JaHHOM Hallope, kKoappulHenT ObICT POX OAHOCTH 
TakxKe Me€HAeT CBOIO BeHUHHY. IlosToMy cpaBHeHHe TypOHH pa3HbIx cepuit 
No KOspPHUHeEHTY 7, MOXKHO MPOMSBOAUTb TOKO pH yCJIOBUH BbIUHCJICHHA 
KOSPDHIUHEHTOB JIA COOTBETCTBYIOWUIHX PeKHMOB. 

O6n4HO KosdPuUHeHT ObICTPOXOMHOCTH BbIMHCMeTCA JIA pexHMa HO- 
MHHA@JIbHOH MOULHOCTH TYPOHHbI Np pacyeTHOM Hallope H HOPMAaJIbHOM HCE 
o6opoTos. Myorya ero NOACYHTHIBAIOT JIA PexKUMA, COOTBETCTBYIOINETO 3 MaKCH- 
MaJIbHOMY 3Ha4eHHIO K. I. JL. 

OcHOBHOH TeHJeHWHeH B Pa3BHTHH THApOTypOocTpoeHuA ABIAeTCA NOBBI- 
WeHHe ObICTPOXOMHOCTH TYPOHH. YBemvyeHHe KOSDPuUMeEHTA GbICTPOXOAHOCTH 
NIpH 3aaHHbIX MOMLHOCTH H Hanope NO3BOAeT CO3ZaTb TYPOHHY MeCHDbIUHX 
ra6apHToB H C OOJIbINHM YHCJIOM OOOPOTOR, T. €. MeHblero Beca. Ja yBenn- 
YeHHA ObICTpOXOAHOCTH, KaK 9TO clenyeT 43 dopmy.ip (1.17), MoxkHO NOBEI- 


CHTb NpHBeseHHbIe 4ynCa O6OpOTOB my H pacxoy Qy. 
Bonee wenecooOpa3sHo yBesIMuHBaTb ObICTPOXOZHOCTB Ty pOMHEI 3a cuer 


yBeHYeHHA TponycKHoH cnoco6HocTH Q;, TaK KaK Mp 3TOM qocTuraetca 
yMeHbINeHve J\MaMeTpa paOouero KOMeCa NMPONOPUHOHAIbHO KOPHIO KBapat- 
HOMY H3 NIpHBeyeHHOrO pacxoya H yBeH¥YeHHe O6OpOTOB TYPOHHI mponop- 
WHOHAaIbHO KOSPHUHEHTY ObICTPOXOJHOCTH. 

IIpH NOBLIMIeHHH ObiCcTpOXOAHOCTH TOJbKO 3a CUeT YBeIHYeCHHA NpHBeeH- 
HbIX OO6OPOTOB OcTHraetca YBeJIMYCHHE TObKO UHCIa OOOPOTOB. 

H3 popMy.ibl, BbIpaxkaroluleH MOMHOCTh TYPOHHbI Yepes KPyTAIMHH MOMeHT 
HM YIvIOBy!0 CKOpOCTb, 

IUMt 

clleyeT, UTO JaHHaA MOLLHOCTb MOET ObITb nomyyuena 3a cCueT TEM MEHbIUero 
KPYTAMeTO MOMeHTA, 4eM OoubIIe OyZyT O6OpOTHI. 

CileoBaTeJbHo, yMeHbWeHHe AHameTpa koseca D, 3a cueT yeemmueHnA 


IpHBeseHHoro pacxoya Qy, a TakxKe JCHCTBYIOWHX YCHAHH 3a CUeT NOBHIMEHHA 
OOOPOCTOB MO3BOJIH€T YMCHbILMTb Bec H TrabapHTbl Ty POH. 

Balen3J102KeHHOe HOCTpupyetcs Ha puc. 1.5, rye NpHBezeHbI rabapHTbl 
HOM€HKJaTyPHbIX KOIeC pa3HOH ObICTPOXOMHOCTH, PacCC4UHTaHHbie Ha MOIII- 
HocTb N = 1 a. c. npw Hanope H = | om. 
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H3 pucyHKa BHAHO, 4YTO ObICTPOXOAHOCTh paOouero KOMeCa 3aBHCHT OT 
(bOpMbI ero MpOTOUHOH YacTH. Kpome Toro, OHA 3a4BHCHT OT 4HC1a H (POpMBI 
somacreH. C pocTomM ObICTpOXOJHOCTH pa3Mepbl paobouero KOeCa YMeHbWAIOTCA 
11/1592; ns=930 ITJ1587; nis=650 H HaoOopot. 

KosulneHT OLICTPOXoy- 
HOCTH HMe€T OOJIbIU0e 3HaY4eHHe 
JWIH BLIOOpa TYPOHHbI, OH Maer 
BOSMOXHOCTbh jlelaTb oorlee 
CpaBHeHHe BCeX THIIOB H cepHH 
TYPOHH H KJacCCHPHUMPOBaTb 
HX M10 CKOPOCTH BDpalileHHA 4 
npomycKHOH cnoco6HoctTH. O7- 
HaKO JIA KOHKPCTHBIX C.1Ty4aeB 
BbIOOpa MapaMeTPOB TYPOHH 
NOIb3SYIOTCH YHHBEPCaJIbHbIMH 
XapaKTepHCTHKaMH, MO3BOVIA- 
IOWMMMH NMONOOpaTh U UCC1eN0- 


+ 6 BaTb C HC¥ePNbIBaIOllen MOJI- 

Puc. 1.5. Pasmepbt paOounx Koslec pasHOH ObICTPO-  Horos, padory TypOuHEI npH 
XOMHOCTH, Pa3BHBalOlHX MOWHOcTb N=I1 a. c. UpH 

CaMbIX Pda3JIHMUHbIX PDeCKUMAX. 


Hanope H=I1 wm 
IIpu conocTraBleHHu 3Haue- 
HHH nN, TypOWH, CO3aHHbIX B pa3HbIX CTpaHax, HaO HMeTb B BUHAY, TO 


MOL[HOCTh H Hanop MOryT H3MeCHATBCA B Pa3HbIxX efHHUNAX (Kem, 2. C., M, 
pymol), MOIJTOMY HeEOOXONHMO YUHTbIBATh NMepexoHble KOsPPuMHEHTHI. 





6. KABHTAL.HOHHbIN KOI®P®UHUHEHT H BbICOTA OTCACbIBAHHA 


B peakTHBHbIX TypOHHAaXx BOJa H3 padoyero KOeCa OTBOJUTCA B HHKHHH 
Obed Cc MOMOU[bIO OTCACHIBaIOULHX Tpy6, KOTOpble ObIBaIOT MpPAMOOCHHIMH 
H H30FHYyTbIMH. | | 

Ortcacbipaioulan Tpy6a HMeeT OOVIbIIOe SHAYeHHE, TAK KaK OHA MO3BOJAET: 

1) HCNOMb3OBaTbh JIA QMOPMHPOBaHHA padoyero mpowecca aTMocdepHoe 
aBJleHHe; 

2) MpOH3BOAMTb yCTaHOBKy pa6ouero Koleca H@l YPpOBHeM HH dKHErO 
Opeda 6e3 norepu Hatlopa Ha Pa3HOCTb BbICOTHbIX OTMETOK, 4TO oOs1eryaert 
KOHCTPYKUHIO NOABOXHOH YacTH 3aHHA CTAHILMH. | 

OyHako HW TO WH Apyroe HMeeT Tpezebl, OOyCOBJeHHbIe BOSHHKHOBeEHHeEM 
KaBHTallHH, MOABJIGHHE KOTOPOH CBA3AHO C THApPOMMHAMHYeCKHMH YCJIOBHAMH 
JBH2KCHHA UacTHIL BOJbI B 30HeE paoouero Koveca HW Ha BxOJe B OTCACHIBALOLLYy!O 
Tpy6y. KaspuTralua — coxwKHOe du3sHyecKkoe ABIEHHe [70]. B rHApoty pOunax 
Ha6moaeTcA Ba 9TaNa KaBMTAaLHH. 

Ha nepBom 3Tane KaBHTallHA He O4CHb HHTeHCHBHA. TlosBasorca cma6ple 
WIYMbI, UTO CONpOBOmMMaeTCA PpaspyIWeHHAMH MeTaa AonacTeH. [Ipu stom 
TakaA KaBHTallHA He OTPamkaeTCH Ha 3HEPreTHYeCKHX XapaKTepHCTHKAaX Typ- 
OHHbI, HO OHA BbI3ZbIBaeT KABHTALMOHHYW ZPOSHiO. 

Viecnenopanuem ObIIO YCTAHOBJICHO, UTO MPH BbICOKHX CKOPOCTAX ABH2Ke- 
HHA XKUAKOCTH WIM Kakoro-J1H60 Tela B KUAKOCTH, HAaMpHMep JONaCTH BHHTA 
HIM MOMacTH TYPOHHbI, CNVIOWIHOCTh MOTOKAa HapyWlaeTcA, WH B 30HE OOpaso- 
BaHHA HAaWBbICIWIHX CKOPOCTeH BOSHHKaeT MOJOCTh WIM KaBepHa, 3alO/IHeHHaA 
NapaMW XKUAKOCTH. oe | 

Bo3MOxKHOCTb O6pa30BaHHA KaBepH B IMOTOKe cueayeT H3 paccMorpeHus 
YPaBHeHHA COXpaHeHHA SHEprun. 


2 . 
YpapHenne BepHytnu npu z= 0 umeeT Bus > + 3, = const. B .me- 
2 


Vv 
cTax, Tle CKOPOCTH Y BOspacTaioT, COCcTaBAAIOMAA > - OyeT TaKxKe NOBBI- 


i6 


IaTbCH, a BeIHUHHA aBleHHA “> — YMeHbUIaTECH. B pe3y/ipTaTe mpu 


TIOHMKCHHH aBJICHHA JO aBeHHA Napooo6pa3s0BpaHuA Mpu MaHHOH Temme- 
paType BOJa HauvHeT HCMapATBCA H BHYTPH NOTOKA OOpa3yiOTCA NOMOCTH, 3a- 
NOJIHCHHBIe 1apOM. Oru nNowocTH N€peHOCATCA MOTOKOM B 3OHY HH3KHX CKO- 
pocTeH HW BBICOKHX JaBJIeHHH, rye B KOPOTKHH OTPesoK BPeCMeHH IIPOHCXOJUT 
KOHJCHCaluA Mapa. 

EcaH MOJIOCTH 3aMbIKalOoTCA B MOTOKe Ha MeTAaJIIM4YeCKOH MOBepXHOCTH 
KakOH-M60 eTaiu, Haxoqaulelica B 9TOH OGACTH, TO NOCAHeHAA HauMHaeT 
paspylWlaTbca, TaK KaK OMIbITaMH yCTaHOBJIeHO, YTO IpH CKaTHH Ny3bipbKa 
KaBepHbI B HEM Pa3BHBaIOTCA OFPOMHble JaBMeCHHA HM NOBbIMAeTCA TemMepatypa. 

IIpH cKaTHH KaBHTAaLHOHHOTO My3blppka HaOOaloTcA TakxKe 3JIeCKTPH- 
yeCKHe ABJICHHA, BbISbIBaIOWIHe CBCYeHHE Ny3bIpbKa. 

Ha6moleHua oKa3au, 4YTO KaBMTaIlMOHHbIe Ny3bIpbKH MOCTOAHHO KO- 
JeOIOTCA, TIPHYeEM MpH HEKOTOPHIX MapameTpax TeyeHHA KONeOAaHHA CTAaHO- 
BATCA pe3OHaHCHbIMH. B nocjejHeM cly4ae aBeHHe Ny3bIpbKa B MKHJLKOCTH 
JlOCTHTaeT OFPOMHbIX BeNHUHH JO — 15 000 am. 

EcJIM KaBUTallHOHHble NYy3bIPbKH ITyAbCHPYI!OT BO3WIe OBepXHOCTH netanen 
rHApOTypOuH, TO OHH ee pa3spyalor. 

KaBuTallHOHHOe pPaspylleHHe MaTepHaJIOB npenctapasier. cOo6oK cO*KHOe 
ABJICHHe, KOTOPOe MPOABMAeTCA B MCXA@HHUCCKHX, TEINIOBLIX, XIEKTPHYeCKHX, 
XMMH4eCKUX HM Apyrux BoszetcTBuAX. UncTO MexaHuyeckHe NPH4HHbI CBA- 
3aHbi C yapaMH Np 3aMbIKaHHH KABHTAILMOHHBIX NomocteH. Tenjoppie u 
TePMOIEKTpHuecKHe BO3ACHCTBHA OOYCJIOBJIMBalOTCAH MeCTHLIM HarpeBOM 
MaTepHaia B pe3yJibTaTe pa6oThl RetpOpMallHH B MOBePpXHOCTHOM CyIOe MaTe- 
pala HY KOMMIpeccHu ra3s0BOro OObeMa B KaBHTAWHOHHOH NOJIOCTH. 

OIEKTPOXHMHUeCKHE NPHYHHbI paspyWieHHuA OOyCJIOBIMBaIOTCA KOpposHen 
H 3JIEKTPOXHMHYeCCKHM BO3JCHCTBHEM, BO3HHKAIOWIMM B pe3ybTaTe Pu3sH4e- 
CKHX MpOLeCcOB, OCYILECTBJIAeMbIX B MYyAbCHPylolwleH KABHTALMOHHOH NOJOCTH. 

OtTjenbHble BO3JCHCTBHA Ha MeTAa/IJI MOryT B3@HMHO nepenmeraThbcean 
eCHCTBOBaTb pa3JIH4HO B 3aBHCHMOCTH OT KauecTBa MaTepHasa, CKOpOcTH 
NoToKa, COMepKaHHA Ta3oB HT. OT. 

Oco6ce 3HayeHue Nip KaBHTalHu yeTaneH rHapoTypOHH uMeeT NpObsemMa 
OXHOBPeMeCHHOH 32PO3HH B YCJOBHAX THApoaopasHBHOTO H3HOCAa, KOTOpPAaA 
BOSHHKaeT TIpH MOTOKAX C BbICOKHM COJepwKaHHeM HAHOCOB. | 

TIpomece KaBHTallHOHHOH 3pO3HH wolMacTeH MOXKHO I1peACTaBHTb TAaK: 
HH2KHAA NOBeEpXHOCTb JOMAacTH Ty POHHbI, NOABepKeHHad PaspyIeHHW, HCIbITHI- 
BaeT OOJIbINOe KOJIMYECTBO YapOB, BO3SHHKAaIOUIMX Mp 3aMbiKaHHH Ha Her 
KaBMTalMOHHBIX My3bipbkoB. UacToTa sTHX yAapoB ouenb BemHkKa. Ilepuor 
J@HCTBHA yapoB COCTaBJIAeT ThICHUHbIC JOH CeKYHAbI, NOSTOMy eHCTBHe 
KawNoro yiapa OlllyiaeTca B Npefeax TOHKOTO MOBEPXHOCTHOFO C/OH JIO- 
nacTH r1y6HHOH OKOIO COTHIX JOJIEH MHJJIMMeTpa. 

Tak Kak MaTepHasl NOBEPXHOCTHOLO CJIOA AOCOJIIOTHO HE snactuyeH, HMeeT 
HEOJHOPOJHYIO CTPYKTYpy, pacimpocTpaHeHHe HallpAKeHHH MPOHCXOHT He- 
paBHomepHo. B OTAeJIbHbIX TOUKAX NMOBeEPXHOCTH MOTLyT COCpeJOTOUHBAaTbCA 
MAKCHM@JIbHbIe HalpsAxKeHHA, MpeBocxoyamue mpeses Texyuectu. Muoro- 
KpaTHoe eHcCTBHe 3THX HallpAKCHHH BbIZbIBAeT TlacTHYeCKyIO ePopMallHto 
B IMOBeEPpXHOCTHOM cJIOe. 

Hapsany C WaCTH¥eCKHMM JedopMallWAMHM Np KaBMTAalLHH noBepXHOCTHEIM 
CHOW JlomacTeH TakxKe yMpOUHAeTCA, MPOMCXOMMT Kak Obl Haksien ero. Ha- 
KJI€NaHHbit COM, NosqBepranch JeHCTBHIO MepeMeHHOH Harpy3KH OT rHlpaB- 
JIMUeCKHX YLaAPOB, pacTPpeCKHBaeTCA H OTJIAMbIBaeCTCA, NOABJAIOTCA KaBepHBl. 
Boa, IpOHHKaA B STH TPelMHbI, OGeruaeT mporecc paspyllenua, Tak Kak 
OOpa3syiOllHeCA OKUCJIbI BbISbIBAIOT PaCKJIMHMBAIOLIee neHicTBHe B 9THX Tpe- 
WIHHAaX. 
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Tlocie BbIKpallMBaHHA HAH BbIaMbIBaHHA YaCTHIL C NOBEPXHOCTH MeTasa 
mpowecc NOBTOPAeTCA BHOBb, HOBaA NOBEPXHOCTh HaKJIeMbIBaeTCA, CTAHOBHTCA 
XpyNkOH H CHOBa BbIKpawuBaetca. Ilpu srom npomecc paspymienusa noBepx- 
HOCTH JIOMacTH NpoTeKaeT Bce Ooslee HHTCHCHBHO, OTJeJIbHbIe KaBepHbI OOb- 
CXHHAIOTCH HW OOPa3yIOT CIVIOMIHbIe paKOBHHbI WH y4acTKH paspymienua. M3ba3- 
BHCHHaA MOBEPXHOCTb PaKOBHHbI BOCNPHHHMAaeT MeXaHHyecKHe BO3TeHCTBHA 
rHpaBIMyecKHX yJapoB HepaBHOMepHO. Bo MHOrHX TOUKaX paKOBHH Cco- 
SaloTCA KOHILCHTPalWH HalpAKeHHH, KOTOPbIe IPH OAHOBpeMeHHOM BO3zeili- 
CTBHH BOJbI. CNOCOOCTBYIOT Pa3BHTHIO Mpollecca KOppO3HOHHOM ycTanocTu 
MeT ala. 

[lomuMO MexXaHHYeCKOrO BO3JeCHCTBUA, paspyWIeEHHIo CMOCOOcTBYIOT XHMH- 
uecKHe peaKIIHH, TaK KaK KaBHTallHA COMPOBORKMAeTCA BbIAeIeHHEM [a3oB, 
OoraTbiX KHCJIOPOJOM, YTO AKTHBH3HPyeT OKHCICHHE HW MeTAJII HHTeCHCHBHO 
KOpposupyer. 

[lostomy B ruspoTypOocTpoeHHH AA MOMacTeH NpHMeHAIOT MaTepuas, 
CNOCOGHLIN MPOTHBOCTOATh KaBHTAalHOHHbIM Ppa3pyIIeHHAM He TOJbKO B OTHO- 
WeHHH Me€XaHHYeCKOrO BO3JCHCTBHA, HOM CTOMKHA K KOPpO3HOHHBIM paspy- 
WeCHHAM. =” | 

3oOHaMH BOSHHKHOBeCHHA KaBHTAILHH, NOMHMO BbIXOJHBIX KPOMOK Jlomactelt 
C TbIIbHOH CTOPOHbI, MOET ObITh KaMepa pa6ouero KONeCa B NOBOPOTHOMO- 
nmacTHbIX TypOHHaX H OOOA KONeCa Payna/IbHO-OCceBOH Ty POHHBI. 

Ha BTopoM state 10 Mepe pasBUTHA KaBHTAallHOHHOTO Mmpowecca Nponcxo- 
AMT MajeHue K. ll. ., NOABIACTCA CHJIbHaA BHOpaluA, MpOHCXOAHT CpbIB 
MOLMHOCTH H, CACXOBATeCIbHO, IKCIJYaTauluA TYPOWHbI CTAHOBHTCA HeEBO3MOX- 
HOH. | | 

Kak yka3biBanocb BpIle, JI BO3HHKHOBCHHA KaBUTalHH HeOOXORHMO, 
YTOGLI aOCOMIOTHOR aBeHHe B NOTOKe G6bIVIO HH Ke LaBIeHHA Napoobpa30Ba- 
HHA, T. e. 


\ 


Po 
v 


BevunHa WaBAeHHA B MOTOKe HeMocpexCTBeHHO y BHIXOJla H3 paGouero 
Kovieca B TOH 30He, re HaO/OAaloTCA HaH6oNbulve CKOPOCTH TeYeHHA BODHI, 
MOxKeT ObITh NPHOHKEHHO ONpeseseHa C NOMOMIbIO ypaBHeHua Bepnysuin. 

CoctaBuM ypaBHenve BepHy.M B OTHOCHTCABHOM ABHXKeHHH JIA NpoHs- 
BOJIbHOH TOUKH K Ha JOMaCcTH, XapakTepH3yeMOH MHHHMAJIbHbIM aBseHHeM, 
H TOUKH 2 3a paOO4UHM KOJIECOM, NpHHalekatleH To %*e AHHHH TOKa, 


if 


Pn | 
a (1.18) 


Pe Oe Ye po, | 4 
en Og og Se byt og tog + Mee. (1.19) 


YpaspnHenHe Bepuysiu B aOcOJIOTHOM JBHXKEHHH AA ToueK 2 u 5 B HWK- 
Hem Obedbe TIC 
2 


z, +242 —B+Ah (1.20) 
2 y We ~~ yer 2-5) . 


rye B — atmochepHoe aBlenHe B ™m 600. cmM.; | 
Z, = h, — oTmeTKa Touku k Hal ypOBHeM HHKHero Obetha, Ha3biBaemMaA 
TeopeTHYeCKOH BbICOTOH OTCaCbIBaHHA. 
Hi3 ypapuenni (1.19) u (1.20) nonyaumM 


‘9 2 2 2 «2 | 
ea B—2— (Stes ben de oy |) ay 


BeHUHHbI, 3a€KJIIOUCHHBIe B CKOOKH, nO CYLUeECTBY ABJIAIOTCA JHHAaMHye- 
CKHM Pa3pAXKeCHHEM, CO3aBaeMbIM B MOTOKE. : 
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OTHOWeHHe STOH BeJIH4HHEI KO BCeMy Hallopy Ha3biBaeTCA KaBHTallHOHHbIM 
KOSPpHIHEHTOM Komeca WK Ty pOHHBI 


2 
ve + w — we + u2 — u2 





— Ah | | 
.  Qg K-85 ay 
o= an (1.22) 
Bpeqa KOoppHUHeHT O H. YUTA Bbipaxenne (1.16), nomyuum 
h,<B—oH —*. (1.23) 
BeneycTBHe Maslov BeJIHUHHbI qapqlenus NapooOpa3soBpaHHa pH OOLINHEIX 
TemnepaTypax — MOXKHO He YUHTbIBATb, TOA 


h,< B— oH. 


Bemwunua aTmociepuHoro jaBaeHua B 3aBHCcHT OT BBICOTH pacnosomKeHHA 


CTaHWHH Had ypoBHeM mopaA. JIA onpenenenua B o6blaHo noub3yloTca npHo- 
JIHXKEHHOH opMyJion 


y 
B~10,3--~, oe (1.24) 
| | 


rye \7/ — ormerKa ocH pa6ouero Koneca TYpOHHbI Ha ypOBHeEM MOPA B mM. 
- OxonyatenbHO nowyuaem 


| 
hs < 10,3 — . — oH. (1,25) 
Ws Bpipaxkenna (1.25) BuAHO, 4YTO 4eM BbIe 3HaYeHHe KaBUTAaIHOHHOTO KO3p- 
(pHUHeHTAa, TEM MEHbIULIYIO BLICOTY OTCaCbIBAHHA MOXKHO JONYCTHTH, H HaOdopor. 
H3 dopmyuvint (1.25) MomwkHO TakxKe onpexeuTb HomyCTHMoe 3HayeHHe Ka- 
BHTalHOHHOrO KoapPHuheHTa 


| 


V7 
hs — 10,3 — 5— 


0, = ——y- 3 (1.26) 


O, — OObINHO Ha3bIBaloT KaBHTallHOHHbIM KOXPPHILHEHTOM yCTaHOBKH, Tak 


KaK eFO BeJIH4HHA 3aBUCHT TOKO OT H, Vu A,, T. e. OT TeX Mapa- 
MeETPpOB, KOTOPbIMH XapakKTepH3yeTCA yCTaHOBKa. 

Bripamxenue (1.22), Bksoualoulee 3HaYeHHeE KPHTHYeCKOH CKOPOCTH, Xa- 
pakTepH3yeT KaBHTallMOHHbIH KOPDHILHeHT O B 3aBHCHMOCTH OT CBOHCTB 
padouero Koleca, MOSTOMy H Ha3biBaeTCH KaBHTallHOHHbIM KOIPDPHULHEHTOM 
TYPpOHHEI O,. . ~.. 

Paspurue COBPeMeHHBIX THAPOTYpOHH HampaBseHO NO NyTH yBeJH4eHHA 
TIPOMyCKHOH CNMOCOOHOCTH KOJIeca H, CJICQOBaTeJIbHO, MOBbIMIEHHA CKOpOcTeH 
H Ha COKpalleHHe noTepb B OTCacbiBalouleH TpyG6e, a 3TO yBemuinBaer BO3- 
MOXKHOCTb MOABJICHHA KaBHTallHH. 

KaBuTalHOHHbIA KOSppHuHeHT TypOHHbI oO, OObMHO onpesenAeTcA OTIbIT- 
HbIM ITYTeEM NipH HCNbITAHHH MOJevIH - TYpOHHEI B NaOopaTopuH. OH ABJIAeTCA 
ONpeeeHHbIM 4HCJIOM JJIA Kaxwkoro KOJIeca H KaAOTO perxKHMa H B BHAe 
COOTBETCTBYIOUNMX KPHBbIX HaHOCHTCA Ha YHHBepCabHble XapakTepHCcTHKH 
TYPOHHBI. 

OueBuAHO, 4TO AIA TOTO YTOOKI OTCYTCTBOBAaJIa KaBHTallHA, KaBHTAallHOH- 
HbIH KOSPPHIHeEHT TYPOHHBI O, AOKeH ObITb MeHbIe KaBHTaNHOHHOTO 
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KOSPHUMeHTa CTAHIHH, T. €. 6, <0 0, STOO MOXKHO JOCTHUb H6O NpuMe- 
HeHHeM TYPOHH C MaJIbIM O,, AH6O TlyTeM yBeAHYUeHHA O,. 

Jina yBenwueHHa o, TpeOyeTcaA yMeHbINeHHe BeJIHYHH BBICOTbI OTCAaCbI- 
BpaHHA A,. OqHaKO OObIMHO yMeHbIeHHe A, yBesH4MBaeT O6beEM HEOOXOJUMbIX 
CTPOHTEJIbHEIX paOOT MO NOABOMHOM yacTH 34aHHA TuApocranyun. Tlostomy 
CTP€MATCA IIPHMCHHTb TYPOHHY C MEHDINHM O,, T. @. C YJIYUWICHHbIMH KaBH- 
TallHOHHbIMH Kau¥eCTBaMH. a 

M3 BbIleH310%KeHHOrO CueAyeT, YTO YYUWIeHHe KaBHTalMOHHbIX CBOLCTB 
TYPOHH HMeeT OOMbUIOe SHAYEHHE H CBASAHO C S9KOHOMHKOH cCTpouTepcrBa T9C. 

TeopeTwueckyto BbICOTY OTCaCbIBaHHA h, ONpeAeNUTb TPyAHO, TaK KaK HH- 
KOra TOUHO HeH3BeCTHO NoomKeHHe TOUKH K. 
| Jia OfHHaKOBEIX THNOB Typ6uH B CoBeTcKom Co1w3e HpHHUMaloT HeKOTO- 
pylO NMOCKOCTb B 30He paOouero KONeCa AJA OTCUeTA YCIOBHOM BbICOTbI OTCa- 
cbipaHHa H,. a a | 

Aisi BepTHKaJIbHBIX palHabHO-oceBbIxX Typ6uH A, OTCUHTHIBaeTCA OT 
NJIOCKOCTH HHKHEFO KOJIbILa HallpaBJAlolWlero alllapata JO ypOBHA HH xKHEFO 
6beda. Oe —_ ; oo 
_ Jana nopopotHovionacTHblx TypOHH (H MporedepHbIx) BbICOTa OTCAaCbHIBa- 
HHA £7, OTCUMTLIBACTCA OT OCH NOBOpPOTa OMacTeH MOBOpOTa TNoBepxHOCTH 
HH«KHerO Obeda. 

J[Aa TOpH3OHTaJIbHEIX THApOTyp6uH. BbICoTa oTcacbiBana H, oTcuHTot- 
BaeTCA OT HaMBbICIUeH TOUKH JOnacTH paOoyero KoMeca 0 MOBEPXHOCTH HHXKe- 
Hero Obetba. OTO BbISBaHO TeM, YTO HaMXyAllHe KaBHTal[HOHHble yCIOBHA 
B 3THX TypOHHax OyAyT Ha NepHdepuu soNacTeH, HaxoMAWMxcA B BepxXHeM 
MOJIO2KeHHH. | | | 

_Hivorga Ain BepTHKaJIbHEIX TYPOHH 3a BbICOTY OTCACbIBaHHA IIpHHHMAIOT 
paccToAHHe OT CepeAHHbI BbICOTHI HalpaBAlOWero anMmapata AO YPOBHA HX- 


Hero G6petha. OGo3Hayan sTy BbICOTY OTCaCbIBaHHA Yepes H,, 6yeM uMeTb: 
1) AIA paqwanpHo-oceBbix Typ6uH 


. 
9 


2) WA NOBOPOTHOMONMACTHEIX TYpPOuH 


H,=H,+eD,, 


rye Dy — BbICOTa HanpaBAdolwero alnapata; | 
& — KOSPPHUHEHT, YYHTHIBAIOULMH paccCTOHHHe OT OCH MOBOpoTa J0- 
lacreH paOoyero kKOsIeca fO CepeHHbI BLICOTbI HalipaBJAr1ollero 
annapata. | SO . 

BbicoTa OTCaCbIBaHHA CUHTaeTCA TIOJIOKHTEIBHOH, ECM YPOBeHb BOJBI 
B HHKHEM Opetbe HaXOAHTCA HHXKe YKa3AaHHbIX YCHOBHbIX OTMeETOK OTCUETA, 
H HaOOoOporT, T. e. OTPHWaTebHaA BbICOTA OTCACbIBAHHA MOKAa3bIBaeT BEIMUHHY 
3arJlyONIeHHA KOJIecCa TOA ypOBeHb BOE B HHKHeEM Gbede. 

Kak BbIMe yKa3bIBaslocb, NepBbili 3Tal KaBHTallMH He OTpadKaeTcCAH Ha 
SHepreTHyeCKHX XapaKTePHCTHKAX TYPOHH, HO OH BBI3bIBaeT 39PO3HIO H pa3- 
pylweHHe MaTepHawa JeTasleH NpoTOUHOH yacTuH. BemH4unHa pa3spylieHuA OObITHO 
MonyckaeTcA TaKOH, 4YTOObI ee MOXKHO ObIIO 3aBAPHTb BO BPeMA OCTAHOBKH 
TypOuHbl. OpHeHTHPpOBOUHO MOXHO CUNTaTb, YTO AOMycTHMaA TyOuHa Ka- 
BePHbI pH pabote TypOuHb! B TeyeHHe 8000 4 AO 3 mm AA TypOuH Cc AHa- 
MeTpoM paOoyero KOaeca to D < 4,0 m u no 6 mm mpu WMameTpax, MmpeBbi- 
marwmux D > 4,0 m. Torwnad BemMunHa pa3sbeyeHHOrO MeTaJiia yCTaHaBJH- 
BaeTCA .B Ka)KOM KOHKPeCTHOM. CJlydae COrialieHHeM MeKJy MOcTaBLLHKOM 
H 3aKa34HKOM. a | : 
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7. NOTEPH SHEPFHH WK. fi. A. NOAOBHBIX TYPBHH 


Kos@pulhent nomesHoro JeHcTBHA OAHOTO HM TOTO %Ke THIa TYp6uH ApH 
paOoTe Ha H30rOHaJIbHBIX PeKHMAX, KaK paBusio, TeM Gombe, 4eM GObWUe 
HaMeTp paOoyuero KoJeca, T. €. OTHOCHTeJIbHbIe NMOTepH B TypOune OO bIUNX 
Ppa3MepOB MeHbIIe, YeEM B ee MOEN. 

Bce noTepH K. M.A. B TYpO6HHe MOXKHO pa3OHTb Ha HeCKOMbKO rpynn. 
B mpoTouHoh uacTH TypOHHbI HMeIOTCA THApaBAHM4ecKHe NOTepH, KOTOPHIe 
CKJlabIBaioTCA H3 NlOTepb B CNHPa/IbHOH KaMepe, HalpaBJAIOWeM allmapate, 
pa6ouem Kovlece M OTCacbIBaiomleh Tpy6e. Ha nopepxuHoctu pa6oyero Kovleca 
BHE €fO NPOTOUHOH YaCTH CYIMeCTBYIOT AHCKOBLIC NOTepH, YaCTb BOA, Mpo- 
XOAAIeH Yepes TypOuHHy, pacxofyeTca Ha yTeYKH 4epe3 3a30PbI, ITO > OObEMHLIC 
noTepuH. 

_ Vimetotca MexaHnyeckue norepH TpeHHA B ONOpax H yNOTHEHHAX. 3Ha- 
weHHe 3THX NOTePbh Pa3AHYHO, H OHH 3aBHCAT OT NapaMeTpoOB TYPOHHEI HW ee 
KOHCTPyKutHH. PaccMOTPpHM 93TH NOTepH. 

1. Tuypaspanuyeckue NOTepH OT TpeHHA BOL O CTeEHKH MpOTOUHOH wacTH 
TYPOHHbI MOXKHO CUNTATH NOAYHHAIOULMMHCA 3aKOHaM TFHApaBsMH4eCKOLO Tpe- 
HHA B TpyOompoBogax. Tip paBHOMepHoM Typ6yJ1eHTHOM JBH>KeHHH NOTepH 
Hanlopa Ha TpeHHe MPH OTHOCHTeMbHO TiaqKUX CTeHKAaX BbIPaKalorca op- 
MyJIOH 





Lv" 


Lot 1.27 
a (1.27) 


hp= a 


+ 


roe R— . PHApaBrnueckuit pawuyc MOTOKa; — . 
a — KOo@PHIMeHT, YUHTHIBAIOINHH ‘epoxowar6ern CTCHOK; 
U — CKOPOCTb ABH2KeHHA BOJIBI; 
i — wanna. | 
B mpoTrouHow 4acTH TYPpOHHbI CeyeHHA TOTOKAa HenpepEIBHO u3MeHIOTCA 
no qaHHe. TlostTomy opmysy (1.27) MOXKHO TIPHMeHHTb JIMIIb K OTICAbHbIM 
yuacTKaM NoToKa MaJioH A1HHbI AL npy cpequHx 3HayeHHax Ru U Ha y4acTKe. 
UpencTaBHM nmoTepH TpeHva Aa yuacrka AL B cue y 1OuleM Bue: 


AL vo! 


‘ Ah, = a——— D, pe 


(1.28) 


B sTok dopmMyse BMecTto R BBeseHa MpOMOpUHOHaIbHaA eMY BeJIHYHHA 
aMamMetpa D,. Jina TreomerpuyecKH nOfO6HEIX TYPOHH HU M30rOHabHbIxX 


pe2KHMOB HX paGoTHl €CTb MOCTOAHHAA BeHYMHA, A CKOPOCTb mMponop- 


Di 
lHoHaibHa YH, nosTomy 


ale 
H?2 


Ah, = k——— oa a, (1.29) 


re k — NOCTOAHHHIN KoodppHUHeHT AIA NOAOOHEIX Typ6uH. CymmMupys no- 
TepH TPeHHA JIA BCerO NOTOKa, NOMy4HM 


n 
H 2 


=Dai= De 





HIM, O603HauHB 


a1 


TOJLY4HM . 
fi 


2 
h,=K—=—. (1.30) 


Kooppunuedt nonesHoro JelcTBHA, YIHTbIBaIOUH STH NOTepH AAA Ha- 
TYpHow TypOHHHT, 


_ Hr—hp ys iKX 
"A, = | pm—tpi—0.50 (1.31) 


AnasOrM4unO K. I. A. MOfemu GyZzer: | 
| K | 
= | ——____—._-. [.32 
Ne pit! yl-0.bn ( ) 


[locne samenpi K B BHIDaKeHHH (1.31) ero 3HayeHuHem uH3 (1.32) noay4uuM 
a ae Din\™—!1 Hy 1—0,5n 
n= 1— (In) (Gey GY". (1.33) 


SaMeHHB mm -— 1 uepes a u (1 —0,5n) 4epes 
K. 1. J. HaTypabHOH H MOJebHOH TypOuH 


“Din 
—1—(I —wV Duy (1.34) 


SHaveHHA NOKa3aTeleH KopHeH a Hu PB pa3HbIMH HCCMeEMOBATeENAMH aloTCA 
B mpefemax Ana a = 3+10 u B = 8=c0. 

M3 dopmy.ini (1.34) BugqHo, uTo c pocrom AHameTpa TypOuHbI H ee paboyero 
Hanopa K. Il. ., YAHTbIBaIOLHH THApaBsMyecKkHe TpeHHA, TOKE YRCHIMBAWTCA. 

2. THapaBamyeckHe TaK Ha3bIBaeMble BHXPeBbIe MOTepH, BbISbIBAaeMBIe 
HM3MeHeHHeEM BeJINGHHbI H HallpaBJIeHHA ECKOPOCTH, HIJCHTHUHbI MeCTHbIM I[IO- 
TepaM B TpyGonpoBoye. K sTHM 2Xe NOTEPAM OTHOCATCA MOTepH KHHETHYeCKON 
SHeEprHh BOAbI Mp BbIxoODZe ee H3 OTCAaCbIBalOWeH TpPYyObl. 

[lo o6bIdHbIM POPMY1aM THAPaBJIHKH 3TY MOTeploO Hamopa MOXKHO BbIPasHTb 


TaK: 
QDIH 
2h ° Ci DO goo ¢; our 
g oo 2gF; 
> QrH 
h,= Ot oom * 


rye uv; H Ff; — CKOpOCcTb UH ToOllakb MonmepeyHoro ceyeHua i-ro yuacTKa 
IOTOKA; | 
C¢; — koxpbumHenT moTtepb i-ro yuactkKa. 
KospuHeHT MOe3HOrO JeHCTBHA, YUHTHIBAIONLMH 3TH NoTepH, 


H—h Qr A 
wo Ma Spat — Seater Ka 


Ky= >) ot aga 


Jima TeoMerpHyeckH NOZOOHbIX TYpOHH H MpH H30rOHaNbHEIX pexKHMaXx 
paOoTn! Kosxpbuuneut k, coxpanaeT cBoe 3HaueHHe. 
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» TOJYAHM 3aBHCHMOCTh 


=| — 


rie 


CueloBaTeJbHo, 
Nom = Non = 1 — K,Q7’. | (1.35) 


M3 sToro BbIPAaKeHHA CHeLyeT, YTO AIA Ty pOuH C OOJIbINOH MponyckHon 


cnoco6HocTbo Qi, T. e. Gosee ObICTPOXOMHBIX, MOTePH, BBbI3SbIBAeMbIC H3Me- 
HeHHeM CKOpocTH, OyAyT Oosibme, a K. Tl. A. — MeHbIUe. 

3. OObemHbIe NOTepH BbISBAaHbI TeM, 4TO He BCA BOMa, NOABOAMMAaH 
K TypOuHe, NMpoxoAHT yepe3 pa6ouee Kosleco. UacTh BOAbI MpoTeKaeT MHMO 
KONeca: y PpalWabHO-oceBbIX TYPOHH — Yepe3 yMIOTHEHHA y O60J0B, y No- 
BOPOTHOJIONACTHBIX TYPOHH — 4epe3s TOPLeBbIe 3a30pbl y KaMepbl kopmyca 
pa6ouero Kouieca. 

Beavunna yTeukH yepe3 3a30pbl ompeyesaetca mo dopmysie 


rye / — nuioujayb NonepeuHoro ceyeHHA 3a30pa; 
Ly — kosp@uuveHT pacxona. 
Tak kak F = mD?, To 


AQ = pmDi V 2gH = K,DiV H, 


rye K, = pm V 2g. 

Uncnentoe 3HaueHHe KkoapPhuuneHTa K, MOKeT ObITb HaHeHO HIM BbIMH- 
CJIGHHeEM pacxonoB yepes yaoTHUTesTbHOS yctpolictBo, HH aKCepHMeH- 
TaJIbHO. 

OObeMHbIH K. H. Z., yunTErBalonlnit yTeukKH BONE ‘wepes 3a30PHI, 


_Q+4Q_, a _, pl a 


H3 sto dopMysb cileqyeT, uTo O6beMHEIM K. 1. A. GyweT TeM MeHbile, 4eM 


MeHbIUe Q1, T. €. YACJIbHLIH BEC OObEMHbIX MOTePb MPH OMHHAKOBHIX MamMeTpax 
MH Hallopax OyjeT OOMbIe AIA THXOXOAHBIX TYpOHH, TaK KaK y HHX Q; mano. 


AnaJIH3HpyA pe3yJbTaTbI OMbITOB pa3sJHUHbIX HccAeqoBaHHA, H. M. L[la- 
0B yCTaHOBHJI, UYTO OTHOWeHHe OOBEMHBIX NoOTepb WIA ABYX MOMOOHBIX Kak 

B IIPOTOUHbIX YaCTAX, TaK H B YIMJOTHCHHAX TYPOHH MO2XKHO npHOAWKeHHO 
OnpeqeIHTb 10 dopmyvie : 


AQn 
Qu _— °/ Din Wm. 
AQu Din 
Qu : 
IIpu 3ITOM OAHA H Ta we TypOuHa TIDH OAHOM H TOM Ke Hallope MCHHAeT CBO 
- 4 
Vn 


I 
Q; 
K HaTypHOH Typ6uHe HeOOXOAMMO YUHTHIBATb, ITO y NocseqHel ymAOTHeEHHA 
OObIYHO OOsIee CJIOMKHbIe, WeIH GOolee y3KHe WH AWHHHbIe, MOSTOMY OTHOCH- 
TeJIbHbIe OOBeEMHbIe NOTepH y HaTYPHbIX TyYPOHH MOryT ObITb MeHDIILEe. 

4. Mexanuueckne noTepH B ONOPHO-yNOPHbIX MOAMIMNHHKaX BO3HHKAIOT 
B CBA3H C HaJlM4YHeM TPeHHA B ONOPaX Bpalilaiomuxca uacteH TypOunH. Jana 
BEPTHK@JIbHbIX TYPOHH 39TH NMOTepH HMEIOT MECTO FJIaBHbIM O6pPpa30M B MOJ- 
NATHHKaX HW 3aBHCAT OT OCeBOrO aBJeHHA. 








~~ _~ 


OGbeMHY1O NOTepioO NponopHOHasbHO 





. OHako DpH Nepexojze oT Mose 


93 


TlorepH MOILHOCTH Ha TpeHHe B NOAWHIHHKaX paBHbl 


ANinp = Mmp® = Minp-a~ » (1.37) 


rie Mm, — MOMeHT TpeHHA B ONOPHO-yNOPHBIX NOMMHMHHKAX. 
KosdpunnenxT mowesHoro JeHCTBHA, YAHTbIBAaIOLNHH 3TH TOTepH, 


N —ANinp Mmpiin 


—— 


"mp ~~" 80H * 
Bripaxaa Q Hn 4epes MpHBeJeHHbIe BeMUHHEI QW A,, NOYIHM 
| | M Tn} : 
Ynp = ] _-_ 7 (1.38) 
30yDj HQ, 


Jina MojenbHol TypOMHEI Mp ee HCHbITaHHH B Ja6opaTopuu obbHHO H 
u D aBAAIOTCA NOCTOAHHbIMH BeJIM4HHaMH, MOITOMY MOXKHO OOO3HaTHTb 


It 
mp. = 30y~D3H 
H popmyza (1.38) 6ynker uMeTb BUT 
np. n= 1 — Rp. Mp. or (1.39) 


Jina HarypHo TypOuHbI OObINHO Hanop MepeMeHHBIH, a MOCTOAHHO YHCMO 
O6OporTo.. 





. J 9 , 
B dopmyute (1.38), samenan H (vn , MOYYHM 
- ny 
M nn,? 
mp. 7 = 1 — me FT . 
| 30yQ 1°); 
O603HauHB 
Jt 
R mp. T — 9n5 1 
30yn°D; 
NOYIHM | 
ne | | 
“mp. + = I — Rip. Mp. TO , | (1.40) 
I 


5. [lorepu Ha JHCKOBbIe TPeHHA, T. €. MOTEPH MOLHOCTH Ha TpeHHe Bpa- 
WLaIOULMXCA “acTeH TYpG6UHbI O BOY BHe ee MpOTOUHOH uacTH, OyAyT Sosee 
CYIeCTBeEHHbIMH y TypOHH pavabHO-oceBoro THMa, TaK KaK OHH HMEIOT 
OO/IbuUIHe BpaliaiollvecA NOBepXHOCTH Ha BHYTPeHHeM H HapyXKHOM oOOo2ax 
H HX YIWIOTHEHHAX, ¥em y TypOuHH NoBOpoTHOMONacTHbIx. [lorepH MOULHOCTH 
Ha IMCKOBOe TpeHHe onpesxemnetca No dopmyse 


ANj — ADin’, 
rae A — KosPDUWHEHT, 3aBHCAWIHH OT BASKOCTH 2KHAKOCTH, pa3MepoB H 
KOH@HrypallHH TpPyUlHxXCA NOBepxXHOcTeH. 
KosdpulvenT nmose3sHoro eHcTBHA, YUHTbIBAaIOLIHH 3TH NoTepH, 


| 53 
ANs _ ADin 


Na = l—-{ = J —~ OH (1.41) 
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Buipaxkaa Q yepes Q, un uepes nj, NOyYHM 





w= 1——L. (1.42) 


M3 ppipaxeuna (1.42) cneqyer, 4TO ANA reOMeTPHYeCKH MOOOHEIX TYPOUH 
H H30rOHaJIbHbIX P@XKHMOB HX paoorTHl Na OyHeT HeH3MeHHEIM. Tipu yMeubItle- 


HHH KkKoopPHWHeHTa ObICTPOXOAHOCTH Q; usMeHAeTca Gomee pe3Ko, 4eM ny 


H, HECMOTpA HaTO, 4TO My HAXOAHTCA B UHNCAMTee B Ky6e, MOTepsA MOILHOCTH 
Ha JHCKOBOe TpeHue Y THXOXONHBIX TYPOHH OyWeT HMETH OOMbIUTyIO BEMMUHHY, 
KpOMe TOrO, THXOXOJHbIe Ty POHHbI HMEIOT Gouee pa3BUuTbie a0 pHHTHBIC yIlor- 
HeHHA. 

M13 paccMOTpeHHbIX HaMH BHJOB NoTepb: rHpaBIM4eCKHX Ha TpeHue, 
rHApaBJIMYeCKHX BUXpeBbIX, OOBEMHbIX, MCXAHH4YeCKHX B NOAWIMNHHKaX UH 
JMCKOBBIX CJeyeT, YTO TOMbKO MeXaHHueCKHe NOTepH He MOJeNHPyIOTCA, 
rupaBMueckHe MoTepH Ha TPeHHe H3MeCHAIOTCA C H3MeHEHHeEM AMaMeTpa 
Koueca H Hanopa Typ6uHE. Ilo ocrambHbIM BHJaM NoTepb AIA TeoMeTpHyecKH 
NOAOOHEIX TYPOHH, paOoTaloulHX Ha H30rOHaJIbHbIX PpexKHMAX H HMMEIOLIHX 
NOAOOHbIe KOHPUTypaluu, MOMKHO CYHTATb C JOCTATOUHOH TOUHOCTHIO OTHOCH- 
TebHY!IO BEAHUMHY NWoTepb nocTOAHHOH. [lostomy mpu onpefesenuu K. 0. J. 
HaTypaJIbHOH TYpPOHHbI MO HCMbITaHHIO MOJeIH B MaOopaTOpHH ycAOBHO 
C4UHTAIOT, YTO OCHOBHbIe NOTepH B TYPOHHE NOAYHHAIOTCA 3aKOHAM FHApaBJin- 
YECKOFO TPpeCHHA X%KHAKOCTH O CTCHKH IPOTOYHOH 4YaCTH MaWIHHbI HW MepecuHThl- 
BaloT HOWyYeHHble 3HavVeHHA K. I. 0. MODeH Aa napaMeTpop ReHCTBHTebHO 
TYpOuHEI 10 dopmyse (1.34) | 7 


Dim M 
"= 1—(1—n) bay Te, 


TlonpaBka, y4HTbIBalollad BJIMAHHe BEJIMYHHbI Hanopa, OObIMHO AAA MaJIbIx 
H CpeHHX HallopoB He BBOHTCA HK. WW. 2. AIA jal < 100 BHIuMcaeTCA TO 


(popMy.ie © 
yg 
=1—(lI—-w V =, (1.43) 


IT 


T. @. WoJaraiT a = 4. | 

OyHako px, McciexOBaTeeH PeKOMeCHAYIOT MPHHHMaTb @ = 5, HTO, NO- 
BHAHMOMy, Jyule cormacyeTcA Cc Je@HCTBHTeIbHOCTbIO. 

@Mopmy.ia (1.34) Torga npeo6pasyerca 


5 /Nn | | 
= ]—(1—y,) at. (1.44) 


Jipyrue, mpHHuMan a = 4, npefmaraioT cuntaTb, 4TO 0,25 OT NoTepb 
1 — y, He 3aBHCAT OT WHaMeTPa TYPONHHI MW NOMpaBKY BBOAAT Ha OCTAaBIIYIOCcA 
BemuunHy 0,75 (1 — n,). 

MopMyila JIA noTepH MpHHHMaeT BU 


ny = 1 — 0,25 (1 —n,) — 0,75 (1 —ny) [Px (1.45) 


llaa nanopos H > 100 o6nmxo NOb3yloTCA opmyson 


4 10/77 
=1-(-wWYV FV «46 
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Ha JIM3 nosmp3yrotca copmyso# (1.43). Jia Typ6un, pa6otaiomux npH 
Hanope H < 100 m, nonyyenHpii no dopmyuie (1.43) kK. n. A. yMeHbillaeTca 
Ha BemHUHHy A corjacHO JaHHbIM, NpHBeeHHbIM HHXKe. 


JiuamMetp paG6ouyero Kovleca 1,2—1,8 2,0—2,75 3,0—4,1 4,5—6,0 6,6—9,0 
ApB% ......... 1,0 . 0,9 0,8 0,7 0,5 


Tlonpasky Ha BelH4uHHYy Hanlopa Ha JIM3 He yuutTpiBator. Onpefenenue 
nonpaBoK MO MeTOAMKe, mpHMeHsemonH Ha JIM3, jaeT 3Ha¥eHHA, OnH3KHE 
K BbIMHCJIAeMbIM 110 PopMyvie (1.44) c noKa3aTeem a = 5. Bpriucaenua n0- 
mpaBKH K. 1. A. HaHGonee cnpaBeVIHBbI AIA ONTHMAaJIbHbIX pacueTHEIX pe- 
%XHMOB paOoTb! TYpOHHEI. 

IIpH Harpy3Kax, He COOTBeETCTBYIOWWMX PeXxXHMY ONTHMAJIbHOrO K. Tl. J., 
BO3pacTaeT OTHOCHTEJIbHOe 3Ha4eHHe He 3ABHCALLHX OT TpeHHA NoTepb. IIpexze 
BCerO YBeNHYHBAIOTCH BUXpeBble NOTEPH BCJI€CTBHE OTKIOHEHHA PeKHMa 
MOTOKa OT yCNOBHH Oe3yfapHOrO BxXOa HM HOPMaJbHOFO BbIXOAa BObI 3 
paOoyero Kovieca. 

Mexanuueckhe MOTepH oOcTaloTCA NOCTOAHHBIMH MO BeJIMYHHe, HO BO3pa- 
cTaeT HX OTHOCHTCJIbHaA BeHYHHAa pH MaJiblxX MOWWHOCTAX Typ6uHb. Ilostomy 
NOJIb3OBaHHe BbILeyKa3aHHbIMH YPaBHeEHHAMH JIA MOACueTa NMOMpaBoK K. N. J. 
MPHBOAMT [IPH MaJIbIX Harpy3KaX K MpeyBeHYeHHbIM 3HaYeCHHAM K. I. J. 

Ha JIM3 waa ‘FeoMeTpH4eCKH NOAOOHHIX TYPOHH BHOCHT NOMmpaBKH Cleylo- 
WMHMH cnoco6aMH: 

1. aa payvasbHOo-oceBHIx H ‘poneasepHbix Typ6OuH nonpaBka Ayn = 

= 1, — Nw MPHHHMaeTCA OAHHAKOBON Wid BCexX TOUeK YHUBepCaMbHOH Xapak- 
TepHCTHKH B O61acTH K. 11. A. Goubuie 75% UW BLIYHCIAeTCA MO MAKCHMAJIbHOMY 
3HaueHHO K. I. A. Ny, T. @. WIA OOOH TOUKH XapakKTepHCcTHKH 


N= Nn + An —= TM -F (Yr onm — Tn onm)- 


2. Aa MOBOpoTHOvIONacTHHIX Typ6HH NonmpaBKa Ay onpesennetca no 
MaKCHM@JIbHOMY 3Ha4eHHIO K. I. J. nponejep Hon XapakTepHCTHKH . pH 
Ka2KJOM aHHOM yIvie NoBoOpoTa JoflacTeHi paOoyero Kosieca WH MIpHHHMaerca 


PpaBHOBeIHKOit BNOJb AHHMH yria ycTaHOBKH JlomacTH @; = const yHuBep- 
CaJIbHOH XapakTepHcTHKH. UacTo novMbie reomMeTpuHyeckHe NOAOOHA MpoToU- 
HOH 4acTH He COO/OMaloTCA, HallpuMep, ObIBaIOT pa3Hbie M0 pa3sMepy H opme 
TypOHHHbIe KaMepbl HW OTCaCbiBaloluluNe TpyOnt. Torga mpu mepecuerte K. I. J. 
HeEOOXOAHMO BBOJUMTb NOMpaBKH, YYHTHIBAIOIHe BJIMAHHE HEMOJ{eJ1H pOBaHHOTO 
3JIEMeHTA€. 

IIpopogusuch paHee [103] u ceftuac BeqyTcAH HcCNeqOBaTebCKHe paboTbi 
NO CO32aHHIO HOBbIX OTBeYalOWHX COBPeMeHHOMY YPOBHIO pa3BHTHA TeOpHH 
rHApoTyp6uHH MeTOAOB MepecueTa K. 1. 0. c MOJenH Ha HaTypy. MexoyHpm 
MOJIOHKeHHEM B HOBbIX MeTOMaX TepecueTa ABJIAeCTCA pacusleHeHHe MOTepb 
B TypOHHe Ha COCTaBJIAIOWHe MO MeCTY HX BOSHHKHOBeHHA HW XapakTepy H 
BhIABJIGHHe (Ha OCHOBaHHH HOBeHINHX JaHHbIX THApOJHHaMHKH) 3aBHCHMOCTH 
KaxKOFO BUAa THApaBJIMVeCKHX NOTePhb OT pasMepoB TypOuHbI u DZeHCTByIOMlero 
Ha [TOC nanopa. Mexanuueckve ToTepW Ha MOJ@AbHbIX cTeHax HOO onpe- 
J@AAIOTCA OTACJIbHO, AHOO BOBCe HCKMOUaIOTCA Mp HCIbITAHHAX, HW Mepe- 
cueTy NOJBepraloTcA TOJIbKO THApaBMHyecKHe MOTepH. 

B IKTH H. 9. Srun6epr [112] mpopea taxyto pa6ory a9 noBoporHo- 
JONACTHBIX Typ6HH. CyTb ee B TOM, 4YTO B Ka4eCTBE OCHOBHBIX PHpaB/IH4eCKHX — 
NOTepb B MOBOPOTHOJONAaCTHbIX TypOuHax paccMaTpHBaloTca norepH B pado- 
4yeM KOJIece H B OTCaCHIBalolleH TpyOe. OTH NoTepH NO HX MpovcxXoxKeHHIO 
pacuseHAIOTCA Ha NIpO(HJIbHbIe H KOHLEBBbIe B pa6ouem KOJIece H Ha BHYTPeH- 
HHe H BbIXOZHbIe B OTCACHIBalolWeH Tpy6e. : 

[lpopuabuble noTepu Ha AoMacrax paOouero Komeca MOryT ObITb ONpeweseHbI 
Kak NOTepH B pelleTKax nNpoduseh, o6reKaeMbIX BASKOH %KHAKOCTHIO. Konte- 
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‘BbIe MOTepH MOACUHTHIBAIOTCA AHAaJOFHYHO HHAYKTHBHOMY COMPOTHBJIeHHIO 
Kpblla KOHeYHOTO pa3Maxa. HakouHell, BHYTpeHHHe H BbIXOQHbIe NoTepH 
B OTCaCbIBaIOlWHX TpyOax OnpeseAIOTCA Ha OCHOBaAHHH JKCMePpHMeHTaJIbHbIX 
JIaHHbIX TIO 3€aMepaM MOTOKA B JKCIHEPHMeHTAaJIbHbIX TYPOHHAX. 

CyMMUpya MOTepH Ha pa3HblX PeXKHMAaX, NOMy4aloT GanaHc MoTepb B Typ- 
OuHax pa3HOH OpicrpoxogzHocTu. PacueThl OamanHca MoTepb NOKa3aH, 4TO 
pa3/IH4Hble BHAI MOTepb B TYPOHHAX Pa3HOH GbICTPOXOAHOCTH Mp COOTBET- 
CTBYIOWHX pexKHMAaX (0 OTHOLICHHIO K ONTHMAJIbHOMy) O4eHb OJIM3KH HW MOLyT 
ObITb NIIPHHATH! OJHHAKOBBIMH. 

' YunTHIBaA, 4TO MpodusbHble NO- 
TepH B pa6ouem Kolece H BHYTpeH- 
HHe — B OTCaCbIBalolleH Tpy6e oby- 
CJIOBJICHbI BASKOCTbIO KUAKOCTH, MO- 
*%KHO CUHTATb HX MYHKUNeEH HCA 
Petuonpgca. ITlostomy npu nepexoge 
C MONeIH Ha HaTypy 9TH NoTepH 
clelyeT mMlepeCMaTPpHBaTb. 

KonueBble noTepu B paObouemM Ko- 
Jiece, HMeIOUlWe BHXpeBOH xXapak- 
Tep, H BbIXOJHbIe NOTepH B OTCACHI- 
BalolleH Tpy6e, OYeBHTHO, 1paKkTH- 
ueCKH He 3aBHCAT OT uNCJa Peii- 





HObaca Re H Mo3TOMy MOryT 6LITB 15 07 U9 Wf 43.45 447 «190! a 
pHHATHI OHHAKOBBIMH Ha MOJ[eJIb- "oN "Gonm 
HOH HM HaTypHOH Typ6uHax. Puc. 1.6. Homorpamaat anaveuini = ft (Qia\) 


Ha oOcHOBaHHH  BBILMeH310%KeCH- 
HOTO, JIA Tepecueta rHAPABUHTeCKOTO K. a J. mpeamaraetca popmysa 
Hate = en] ne Em [RH + _ (1.47) 
rye en OA MpOPHJIbHbIX NOTepb B MOJeJIbHOK Ty pOuHe; 
— HOAA BHYTPeHHAX NOTEPh B oTcacbiBaloliel TpyOe MOJeJIbHOK 
Ty p6OuHET; 
&, — HOJIA HeMepeCUHTLIBAeMbIX TMOTePb B Moe bHOK TypOuHe. 
B ‘pabore [112] npusogatca HOMOrpaMMbI 3HadeHHH &,, &, H &,, MOdy- 
ueHHbIe Ha OCHOBAHHH TeopeTHyeCcKOrO pacueTa GasaHca NoTepb TypOHH pas- 
HBIX ObICTpOxoHOcTeH. Popmywa (1.47) MoxeT ObiTb ynponlena 





jar _ _ ey yp Rem | 
<7, =e+(1—e) y Re,’ — (1.48) 
Syecb & = &, — JOA HeMepecuHTEIBaembIxX noTepb (pc. 1.6). 


CpaBHeHHe pe3yJIbTaTOB MepecueTa K. 1. A. C MOJeIH Ha HaTypHyto Typ- 
OHHY 10 3THM (OpMyJlaM MOKa3biBaeT, 4TO Pa3SHHIla MeMKZY pacueTHbIMH 
3HaYCHHAMH K. 0. A. He NpepBbiuaer 0 2%, no3sTomMy dopmyuia (1.48) BnowHe 
QONYCTHMa A pakTHyYecKHX ween. 


8 PA3TOHHBIE OBOPOTHI 
OcHoBHoe ypaBHeHHe JAHHAMHKH MallivH HMeeT BHA 


do __ M,— M., (1.49) 


oe 
rye J —  MOMCHT HHEPILHH BpalllalolwluxcA wacTeH MALUHMHBI; 
@ — yIJIOBaA CKOpOCTh; 
t — Bpema; 
Ma — MOMeHT ABHXKYWIMX CHA; 
M,— MOMeHT CHJI COMNPOTHBJIeHHA. 
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B mpouecce paOoTbl ruqpoarperata MoryT 6bITB Tpu cayuan. 

1. Moment ABHxKYyULHX cH OyyeT paBeH MOMEHTY CONPOTHBJICHHA, T. e. 
MOUMHOCTb, Ppa3SBHBaemaAd TypOuHOH N,, paBHa MOULHOCTH, NoTpe6sAemMon 
reHepatopomM N_ | 


Ma — M.. 
dw | . 
Toraa aE = 0, T. €&. YO = const, ¥TO Oyer COOTBETCTBOBATb ITOCTOAH- 
HOMY UWHCITY OOOpOTOB, T. €. yCTaHOBHBINeMyca PC2KHMY pa6orTui arperata. 
2. MomeutT ABHOKYILHX CHJI MECHbIIICe MOM@HTAa CONDOTHBJICHHA, T. @. MOLI- 
HOCTb, Pa3sBHBaeMaa TypOuHOH, MCHbIIe MOLELHOCTH renepatTopa 


Ma < M.. 
Torga o <0, T. €. 4HCO OOopoTOB Typ6uHbI NMOHMKaeTCA, TaK Kak 


POHCXOAMT yBeJIM¥eHHe Harpy3KH Ha reHeparop. . 

3. Moment ABHxKyUINX cH Gombe MoMeHTa COMNPOTHBJICHHA, T. @. MOIII- 
HOCTb, pa3BHBaeManx TYPOHHOH, OobUIe MOMLHOCTH,. OTMaBaeMOH B CeTh reHe- 
paTOpoM | | 


Mag > M,. 


Torna a > 0; T. e. "HCHO o6oporoR TYPOHHbI yBenMUHBaeTCA, TaK KaK 


MPOHCXOAHT YME€HbUIeHHe Harpy3KH Ha reHeparop. 

Bo BTOpoM H TpeTbeM cayuaax 6yzeT HeyCTaHOBUBeeca COCTOAHHE rHu- 
Apoarperata. B HopMadabuHblx SKCHAyaTanHOHHEIX yCNOBHAX CHcTeMa perysu- 
POBaHHA TYPOHHEI OOecne4yHBaeT COXpaHeHHe paBeHCTBa MOMeHTAa ABH KYIULHX 
CHJI HW MOMeCHTA CHA cCONpOTHBJeHHA. 

B calygae u3MeHeHHsA Harpy3KH Ha reHepaTop H YMeHbIIeHHA WAM yBelH- 
W€HHA YHCa OOOPOTOB peryJIATOP TypOuHEI Cpa3y xe COOTBETCTBEHHO yBe- 
THMHT MIM YMCHBINHT OTKPbITHe HalpaBIAlOUlero almapata, MOILHOCTD 
TYPOHHbI OlarofapaA HU3MeHeHHIO BeEAHUHHDI pacxoja yBeJIMUHTCA HAM yMeHb- 
MenTCA B COOTBETCTBHH C MOILHOCTbIO reHepaTopa H OGOPOTH! TYPOUHEI, HeEMHOrO 
HOHHSHBUIMCb HJIH HEMHOTO YBCIHYHBIIHCb B COOTBETCTBHH C mpoleccom 
PeryIHPOBaHHA, BEPHYTCA K HOPMAaJIbHOMY 4HCTyY O6opoToB. Ecan xe B mpo- 
Hecce pa6oTbl ruApoarperata nponsoiiner BHe3anHoe, ObICTpoe CHATHE Ha- 
MPpysKu C renepatopa, a HallpaBIAIOWMH anmapaT BCeACTBHe HeHCNpaBHOCTH 
CHCTEMbI PeryJIMPOBaHHA OCTaHeTCA OTKPBITbIM, TOTa YMCAO o6opotos 6yyeT 
ObICTPpO NOBbIMIATHCA MH HOCTe HEKOTOPOTO BpeMeHH JOCTHIrHeT MAKCHMaJIbHOL 
BeJIHMHHBI, KOTOPad Ha3bIBaeTCH Pa3rOHHLIM YHCIOM OGOPOTOB. 

Pasronuple O6OpoTh! TYpOHHEI BEIMHCIAIOTCA uepes COOTBeTCTBYyIomlee 


NIPHBeEeCHHOe YHCIO O6OpOTOB Ap NO dbopmyvie 








Hess (1.50) 


[lp HcnbITaHHH MOJeIb ROBOAMTCA 20 Pa3rOHHbIX O6OPOTOB H CTpPOHTCA 
CielHalbHad pa3sroHHadA XapakTepuctTuka, Ha KOTOPOH JaeTCH KpHBaA pas3- 


TOHHOrO MPHBeACHHOLO YHCJa OOOPOTOB nip B 3ABHCHMOCTH OT OTKPBITHA Ha- 
MpaBJAloOllero annapata Qo. 

Jina Typ6HH C HeNOABHOKHBIMH slomaCcTAMH Pa3roHHbie OGOPOTHI 3aBHCAT 
OT OTKPHITHA HalpaBJMIOWero alliiapata HW HaNopa-BOgb, a LA MNOBOPOTHO- 
AONACTHEIX TYpOHH, KpoMe Toro, OT yraia ycTraHOBKH somacreli. Hausricuiee 
PpasroHHoe YHCI0 O6OpoTOB AocTHraeTcH MpH NOMHOCTHIO OTKPBbITOM Halpas- 
AAIOUXHM aliflapaTe HJIH BOJH3H ero. 

AUA MOBOPOTHOMONACTHEIX TyPOHH HaHBBICIIee pa3roHHoe 4YHCAO OOOPOTOB 
AOCTHTaeTCA MPH paccoriacoBaHHH KOMOHHATOPHOM 3aBHCHMOCTH, KOrJa 
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hp = Np 


HanpaBIAIOWHH allapaT MOJHOCTbIO OTKPbIT, a JIOMaCTH paGoyero Koseca 
_ HM@IOT HeOOJIbUIOH yroJl ycTaHOBKH. | 
SHaveHve pasroHHblx O6opoToB JeCTBHTCbHBIX MAalIHH B H3BeCTHOL 


Np 
Mepe XapakTepusyerca KosppuuHenTom kp = —-, T. €. OTHOWEHHEM pasrou- 
HOO 4HCIa OOOPOCTOB K HOPMaJIbHOMY. | 


Jlit PalWasbHO-OceBLIX H KOBUIOBLIX TYPOHH ......2.2.. _ 17-1,9 
» MNOBOPOTHONONACTHHIX TYPOHH TPH cOXpaHeHHu KOMOnHAaTOpHOH 
CBASH 2. 6 1 we kk ee ,0O—2,2 
AA MOBOPOTHOMONACTHEIX TYPOHH NPH HapyuieHHH KOMOHHAaTOpHOL 
| 34BHCMMOCTH ww wk kel, . 2... . 2,4-2,6 


Ha pue. 1.7 npupegennt pasronuble XapaKTepHCTHKH HEKOTOPbIX payHab- 
HO-OCeBbIX pabounx Kosec (PO123, PO211, PO638, PO82 u PO246) Bb saBucH- 
MOCTH OT OTKPbITHA HanpaBJIAtoulero allimapata. 

Hi3 p¥cyHKa BHAHO, 4TO Cc ysenMyeHHeM KoOsdtpuveHta GObICTpOXxOHOCTH, 
KaK NpaBHJIO, yBeJIM4HBaeTCA BeHYHHAa Pa3FOHHbIX OGOPOTOB. 

Ha puc. 1.8 npupeyena pasronHan xa-_, 
pakTepHCTHKa NMOBOPOTHOMOMacTHOorO pa6o- . 
uero KOJIeca Tuna I1JI587, koropasa conepaut 350 
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Puc. 1.7. Pasronnsle XapaktTepHcTHKH HeKOTOPEIX Puc. 1.8. PasronHaa xapaktepuctuka 
PayWabHO-OceBbIxX pa6ounx Koyec NOBOPOTHONONACTHOH TYPpOHHE mpH 


Pa3JIMUHbIX yruiaX ycTaHOBKH wJioMma- 
cre H 1A KOMOMHATOPHBIX PexKHMOB 


PAX KPHBBIX, COOTBETCTBYIONIMX pa3JIHMYHbIM 3HAYeHHAM YyTJIOB Q° yctTa- 
HOBKH JIOMacTeH B 3aBHCHMOCTH OT OTKPbITHA HallpaBJAIOULero altapata. 
Kak BHJHO H3 XapakKTepHCTHKH, HavOonbuMe 3Ha4eHHA paSrOHHbIX U4HCeJ 
OOOPOTOB HMeIOT MECTO IIPH MaJIBIX yrmax yCTaHOBKH @ H pH 6ompuHx 
OTKPHITHAX HallpaBAIoWero annapara. OS oO 

Takoe B3aMMHoe NosoweHHe NOMacTeH pa6oyero KOmeca HM OMaTOK Ha- 
TpaBIAOlero amiapaTa MOXKeT ObITh AMUIb IPH HapyWieHHH KOMOuHaTOpHoO 
34€BHCHMOCTH. 7 oo oo : 

IIpH HOpMasibHOH KOMOHHaTOpHOH 3aBHCHMOCTH: OOJbBUIEMY OTKPbITHIO 
HallpaBAAOWUerO allapaTa @_ COOTBeETCTBYeT OOMbIIOH yrom ycTaHOBKH JO- 
nmacteH paOouero Kosieca g°. Tlostomy pa3roHHble OOopoTs! mp KOMOHHAaTOp- 
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HOM pesKHMe OyAyT MeHbure. BentwuHHa HX 3aBHCHT OT MPHBeJeHHbIX O6o- 
PpOTOB fj, COOTBETCTBYIOULUX HOPMaJIbHOMY Pe@XKHMY PaOOTHI TYPOHHEI. 
Yem Ooubiuie HOPMaJbHbIe OOOPOTH! Ny, TEM OOMbILe BeIM4HHa Pa3srOHHbIX 


o6opoToB. Dro uwimocTpHpyerca cemelicTBOM KDHBBIX 71, COOTBETCTBYy1ONX 
PaSHbIM NPHBeeHHbIM OOoOpoTaM paOorTH TyYPOHHbI Ha YHUBepCalbHOM Xapak- 
TepHCTHKe MPH HOPM@JIbHBIX pe>KHMaX. 

YsBemH4eHHe pa3srOHHbIX OOOPOTOB MpH MeHbUIHX yruaX YCTAHOBKH JIO- 
NacTeH 10 CpaBHeHHIO C Oo/lee pasBepHYTbIMH MOXKHO OOBACHUTH cue Ay IOUlH M 
o6pa3om. 

PaccMoTpHM Ha puc. 1.9 BxXOHBIe .H. BHIXOJHbIC TpeyrOJbHHKH CKOpocTer 
Ha JONacTH NOBOPOTHOJONAaCTHBIX TYPOHH MPH HOPMAaJIbHbIX H pa3lrOHHbIX 





Puc. 1.9. Bxogunle WH BHXOL- 
Hbl€é TPeyrOIbHHKH CKOpOcTel 
Ha JlonacTH MOBOPOTHOMONACT- 
HOH TYPOHHH MPH HOPMasJib- 
a : _  HBIX (a) H pasroHHEx (6) pe- 
W2p UV2p *KHMaX 


pexuMax. IIpH pas3roHHbIxX 4HCaxX O6OPOTOB, BCJIeACTBHe 3HaYHTeEAbHOFO 
BOSpacTaHHA OKPYyKHBIX CKOPOCTeH Uy, H Ugy, OTHOCHTCJIbHbIe CKOPOCTH W, 
H We, TOKE BO3SPacTaloT H OTKAOHAIOTCA OT KaCaTeJIbHOrO HanpaBseHHA 
K BXOJHOMY H BbIXOJHOMY 31€MEHTAM JIOMacTH, YTO NPHBOAMT K pocTy rHApas- 
JHYeCKHX BHXPeBbIX MOTePpb IpH OOTeKaHHH JIOMAaCTH NOTOKOM. 

IIpH ycTaHOBHBIeMCH pa3rOHHOM pexXHMe BCA 9HeEPrHA pacxomyerca 
Ha nMoTepH. 

Tipu nopopote aonactu Ha Gobi yron @° (puc. 1.9) yeroBna oOTeKaHHA 
JJOMaCTH MOTOKOM elle 6oee yXyAWaTCA, TaK KaK yrOJl MexKAy OTHOCHTEJIb- 
HbIMH CKOPOCTAMH Wp) H Wp H COOTBETCTBYIONIMMH KaCaTeJIbHbIMH K BXOQHOMY 
H BbIXOAHOMY 3JICEMCHTaM JIOTIaCTH BO3pacTaeT. TuApaBsHYecKHe NOTepH yBe- 
JH¥UaTCA, H PAaBHOBeCHble COCTOAHHA MEKAY MOMCHTOM JBHXKYULMX CHI HW MO- 
MEHTOM CHJI COMPOTHBJIGCHHA HaCTYNAT Mp MeCHbIUIHX pa3rOHHIX OOopoTax. 
Hao6opot, eCJIH JOMacCTb IPHKPbITb, YMCHbUIHTb YyFOJI yCTaHOBKH @”, TO 
ycloBve OO6TeKAHHA AOMACTH YAYUWINTCHA,.TaK Kak yrOJl MEKAY OTHOCHTEJIbHOH 
CKOPOCTbIO H KaCaTeJIbHOH K Npodusio OyseT MeHbIle, paBHOBeCcHoe cocTOAHHe 
HacTyN¥T Np OO/bIIHX Pa3rOHHbIX 4YHCMaX o6oporos. 

STO CBOHCTBO NOBOPOTHOMONAaCcTHOH TypOHHbI — pa3Hble pa3roHHble 060" 
pOTbI] — pH Ppa3NH4HbIX yraax yCTaHOBKH MHOra HCNOb3YIOT NpH Mpoek- 
THPOBaHHH TYypG6HHbI HM BHIGOPpe MPOTHBOPASrOHHbIX YCTPOHCTB. 
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9. HCNbITAHHE MOJEJIEH 
XAPAKTEPHCTHKH TYPBHH 


CoppeMeHHBIe MeTOJIbI pac- 





yeTa MPOTOUHBIX 3JIEMCHTOB s io 
TY POHHBI HE MO3BONAIOT TOJbKO S < 
TeOpeTHYECKHM I1YTeM OMIpere- iS a | 
JUTb HaHJIyultyio KoOHNdury- < . \ 
pauvio MpoTouHOrTO TpakTa = s | 
ee, OOlalaiomlero HAHBBICLUHM Ss Is | 
K. 1. 3. W HeOOXOUMbIMH _ of S | ! 
KaBHTallHOHHbIMH KayeCTBaMH = ch NM iM \ : 
NIpH 3a aHHbx Hariope H pac- & : 
xoye BOJbI.. 

Tem Ooyiee TpyqHO ompene- ~ 
JIMTb 9HEPpreTHYecKHe HW KaBH- Se 
TaUHOHHbIe KayecTBa pH Hepa- SS 
CUCTHbIX P@KHMAaX paOoTHI Typ- & Ss 


OHHEI. Tlostomy Np co3qaHHu 
COBPpeMeHHOH TYPOHHbI O6bIMHO 
PaCC4HTLIBAIOTCA HEeCKOJIbKO 
BapHaHTOB IIpOTOUHOH acTH. 
SaTeM MOJe@IH 3THX BAPpHaHTOB 
HCIIbITbIBaIOTCA B JaGopaTopHH 
H TaKMM MyTeM yCTaHaBJIHBa- 
IOTCA ONITHMAJIbHbIe (POPMBI Ipo- 
TOUHOH YacTH MpoekTupyemon 
TypOuHp [27]. 

B pe3yibTaTe HCibITaHHit 
B IIHPOKOM Hala3soHe perKuH- 
MOB paOoTbI CocTaBJIAIOTCA Xa- 
PaKTePHCTHKH MaAllIHHbI, Jalo- 
mlve MNOwHOe , IpelcTaBseHHe 
O ee 9HEpreTH4ueCKHX H KaBH- 
TallMOHHbIX NOKasaTesax. B Co- 
OTBETCTBHH C 3afa4amMu Uccue- 
ROBaHHM yCTaHOBKH WIA Mpo- 
BeJ@HHA HCNBITaHHH MOeNeH 
rifipaBsIHyecKHX TyYpOHH B Jla- 
OopaTOPHEIX yCJIOBHAX JeATCA 
Ha Be OCHOBHBbIe€ rpynmnl: 
-39HeEpreTHyecKHe HU KaBHTAallH- 
OHHBIe. 

YcTaHOBKa JIA 3Hepreru- 
YeCKHX HUCIbITAHHH MO3BOUJIA- 
CT HCCJICIOBATb 3aBHCHMOCTb 
K. I. J. OT pexuMa pa6ortnt 
rHpoTyp6uHubl. YcTanoBkKa AAA 
KaBHTallMOHHbIX HCNbITAaHHH No- 
3BOJIA€T HCCJICQHOBaTbh 3aBHCH- 
MOCTb. KaBHTalHOHHOTO Ko3(p- 
@HUHEHTa OT pexkKuMa pa6orTbl 
TYPOHHBI. 

Ha puc. 1.10 u3s06paxena 
cXxeMa 9HeEprerHyecKoro CTeHa 
Aa6opatopun LWKTY. 


Puce. 1.10. Cxema creHyaa aA 3HepreTHyeCKHX HCNbITaHHh MoqeneH rugpotyp6uH 


IIpu pa6ore cTrenfwa nacoc / u3 BoJOc6pocHoro GOacceHHa 3 nopaer - Bory 
B Oak BepxHero Opedha 5. PerymupoBka nofaun BOLI OCyuecTBAeTCA Oakina- 
com 2 Hacoca. J[oBoyKa ypOBHA BOJbI AO 3afaHHOH OTMeETKH BepxHero Opeda 
MIPOHSBOJHTCA ‘COPpOCOM H3IMIIKa BOJbI Yepes peOpa CJIHBHbIX AOTKOB H MO 
Tpy6e 4 B BofocOpocHH SGacceiH. M3 Oaka BepxuHero Obeda Boa NocTymaer 
B HallOpHbi Oak 6 WH 3aTeM B CIMpadJbHylo Kamepy Moen 8@. 

M3 otcacbhiBaiomen TpyO6bl MoJeH BOa NocTymaeT B KaHaJl HHXKHEeTO 
Opeda 1/0. YpoBeHb BOJbI HHKHETO Opetha NOAMepKuBaeTCA NOCTOAHHOH pe- 
ryHpOBKOH MosMopa BOAbI C NOMOMIbIO Kasio3H /2, a Tak2Ke COPOCOM H3JIMWIKa 
BOJbI Yepes peOpa CAHBHbIX JOTKOB //. M13 KaHana HHKHerO Obeda H 3 -CJIMB- 
HbIX JIOTKOB BOJa HalipaBJIAeTCA B MOTOK 13 MepHOro BoOcAHBa 15, C MOMOLIbIO 
KOTOPOrO olpeyeiAneTCAH pacxo MOEJH.- 

_ Hanop mogenu onpefenserca 10 pa3HOCTH ypoBHeH BepxXHero MH HHKHETO 
Obeos. 
 KpyTautuH MOMeHT Ha BaJly Moles 3aMepAeTCA MOCPeACTBOM TOpMO3Aa. 
_ CkopocTb BpalleHua Moje onpeneAAeTca 9JIEKTPOHHBIM C4YeCTUHKOM 
OOOpoTos. 

Tloka3aHua npH6opoB ukKcHpyioTcaA Ha HybTe Aa6opanuta 1/4. 

SHaA YHCIO OOOPOCTOB HU KPYTALLHH MOMeHT MOJeJIM, MOXKHO ONpeeJIHTb 
TOvle3HY!0 -MOMIHOCTb Ha BaJly, a 3Haf HaNop H pacxod — MOIIHOCTb NOTOKAa. 
Ilo GTHOWIEHHIO STHX BeEAMYMH OMpemeAerca K. 0. A. MONCH. 

YipaBseHHe cTeHOM HM peryHpoBKa Noman BOJbI | 6alinacom Hacoca, 
noAnopa BOA B HH2XKHeEM Obede C NOMOULbIO Kasio3H, CKOPOCTH BpallleHHA 
MOACIH MpOW3BOAATCA C MHCTAHILHOHHOrO Ny/bTa yipaBAenua 9. , 

KoHcTpyKUHA MOHTAKHOH WaxTbl 7 MOEN NOSBOAeT JIErKO MCHATb HCHbI- 
TaTe@JIbHbIe 39JIEMCHTLI IPOTOUHOH YacTH MOJeJH. 

Ha puc. I.11 u306paxeHa cxeMa KaBHTaI[HOHHOrO cTeHJa a ILKTH. Ha 9ToM 
CTCHAE MpOH3BOAAT UCNbITaHHA MOJeeH Ha KaBHTalHtw. KaBHTalHOHHbii | 
pexKHM CO3aeTCA MyYTeM yYBeJIHMYeHHA BbICOTHI OTCaCbIBaHHA. MomeuT HacTyn- 
JI@HHA Ppa3BHTOH KaBHTalHH OpeseiseTcA MO pe3KOMY HWageHHio K. On. O., 
YHCIa OOOPOTOB HAH MOUWHOCTH. CaeqoBaTebHO, Ha 9STOK ycTaHOBKe HCmbI- 
TaHHA CBOAATCA K Onpezetenuio K. 0. J. mpH H3MeHAIOWeHCA BbICOTe OTCa- 
ChIBaHHA. 

YcraHoBka BbIMOMHeHa M10 3AMKHYTOH CXeMe, 3aMOJIHEHHOH BOXOH, KOTO- 
pax Nox AelicTBHeM Hacoca IMpkysupyerT B cucTeme. Ilepeq ycraHoBKOH Mo- 
e@bHOH TypOHHbI 4 UMeeTCA HaNOpHbiit Oak 3, K OTCaCbIBalolleH Tpy6e npu- 
coeqHHeH BaKYYMHbI 6ak 5. 

Beawunua felcTBylollero Hamopa B CucTeMe peryJIHpyeTca 4HC0M. O60- 
PpOTOB 9JIEKTPOJBHraTesA Hacoca. 


OcHnoBHble NapameTphl cTeHJa | 


Jiuametp paG6ouero Komleca Mowemw D, Baum ............. «280-300 
Jimana30H Hanlopop H B m60d.cm. .......%. 2... ee eee) AR DB 
» pacxoqoB Bwa/cee .,... , . 2. . ss . . 50—1000 


[Ipexycmorpena BO3MO2KHOCT HCHbITaHHH o6parumunx rypOun. 


Yka3aHHble 2HanasoHbl HanopoB Hu pacxojoe - oSecreunBaiorca BYMA 
TaBHbIMH OCeBbIMH HacocamH 8 (D, = 400 Mm) Np NOCAeOBaTeJIbHOM HJIH — 
NapadJeNbHOM HX BkKOUeHHH. TperHit oceBow Hacoc 7 (BCNOMOraTeJIbHbIh, 
D, = 350 mm) ycraHoBsieH B TpyOonpoBoye, OTBOAAMIEM 1aBHbIe Hacocnl, 
H HMeeT HallpaBseHHe MoayH BOLI OOpaTHOe riaBHEIM. Hacoc noxo6paxu 
TaKHM OOpa30M, 4TOOH Np HCMbITaHHAX MOJeNeH TypOuHbI 4 B HaCOCHOM 
Ppe2KHMe OH CO3aBall HaNop, PaBHbIH COMPOTHBJIeEHHIO CeTH, H Te@M CaMbIM 
oOecneuHBall OnpeeneHHe MPOH3BOAHTeJbHOCTH UCIbITyYeMOH MOJeIH pH 
Hanope, paBHOM HYJIIO, T. €. CHATHH XapakTepucTHKH Q—H MoJHOCTDbIO. 
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3 H. H. Kosasges 


Puc. 1.11. Cxema crenya Wit HcnuraHui Mojeneli Ha KaBuTauHio 
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OHOBpeMeHHO Tpy6onpoBox BCMOMOraTeMbHOrO Hacoca MOXKET CAYKUTb 
OalimacoM IIpH HCHbITaHHAX MOJeIeH B TYPOHHHOM pexume. 

IIpupofbl HacocHbIX arperaTOB — 93/IEKTPOABHTaTeIH MOCTOAHHOrFO TOKAa. 
Cra6HJbHOCTb YCTaHOBJICHHOTO pexHMa pa6oTH obecneunBaeTcCA BBeJeHHeM 
B 93JIEKTPOCXeMbI TIPHBOJOB 3JICEKTPOMAILIMHHBIX yCHJIHTeNeH— C ueTbIDDMA 
yYIlpaBJIAIOWLHMH OOMOTKaMH. 

Jia pacTBOpeHHA Ta30BbIX NY3bIPbKOB, OOpa3sylOulHxcA MPH KaBHTaluH 
MoTOKa B NIPOTOUHOM TpPakTe MOJeH, B HMKHeEH 4aCTH CTeHa pa3MellleH 
rOpH3OHTaJIbHbIH pecopOep / B BAe WHIHHIpHyecKoro 6aka c BHYTpeHHet 
NpoAoObHOH meperopoyzKon. /iuameTp pecop6epa 2,5 m, aaHHa 7,5 m. O6bem 
pecop6epacocTaB.lAeT NpHOIH3HTeEIbHO 50% OT NOAHOrO O6beMa BOJIbI B CTeEHIE. 

B KawecTBe pacxofoMepa NpHHATO HOPMaJIH30BaHHOe como Bentypu 2, 
yYCTaHOBJIeHHOe Ha BepTHKaJbHOM HallOopHoM Tpy6onmpoBoye Ha paccToAHHH 
10 quaMeTpoB TpyOonmpoBoga OT OHM KAaHWIHX HCTOUHHKOB BO36yKIeCHHH 20 
H nocwe conma. Ji H3MeHEHHA BbICOThI OTCaCbIBAHHA CTeH O6opyloBaH 
ABYMA BaKYYMHbIMH Hacocamyu 6. | 

OnpeyeseHve KaBHTallMOHHbIX KaY¥eCTB MOJe€IH THIpPOTypOHHH cBOqUTCA 
K HaXOMKJCHHIO MHHHMA@JIbHBIX MpeNeJIbHbIX 3HAYeCHHH BbICOT OTCACbIBaHHa 
(KABHTANMOHHEIX KOSPPHIHEHTOB Ox) BO BCeEM MOe SHEpreTH4eCKOH Xapak- 
TePHCTHKH, Hp KOTOPbIX elle He MCHAIOTCA OCHOBHbIe NapaMeTpbl MOJeIH 
TYpOHHbI: MOMCHT Ha Bally paOoyero KosIeca, HaNop, pacxox, CKOpOCTb Bpa- 
IeHHA. | | 

Jia u3MepeHHA Hanopa WM BaKyyMa HCNOJb3YIOTCA PTYTHO-BOAAHbIe AHd- 
(ePpeHIMaJIbHbIe WaIHeUHbIe MA@HOMETPHI, a JIA H3MePeHHA pacxona — 6aTa- 
peHubih udpepeniMalbHbId uallleuHbId MaHOMeTP, B KOTOPOM pa6o4uHMH 
KHAKOCTAMH SABJIAIOTCA YeTLIPEXXJIOPHCTHIM yrsrepoy, TerpaO6pometaH Hu 
PpTYTh. CKOpocTb BpallleHHA MOJeH ONpedemaetca deppowAWHaMHYeCKHM TAaXxO- 
MeTpom THna TC@Y-1 4 paspa6otanHpim B IKTH cymmupyroumm cueTraunKomM 
c oTceukoH BpemeHH 10 H 30 cexK. 

TOpMOSHBIM YCTPOHCTBOM ABAeTCA GanaHCHpHbI reHepaTop mocTroAHHOrO 
TOKa. Cucrema H3MepeHHA MOMCHTA Ha BaJly MOJebHOH TypOHHbI 4 BLINON- 
HeHa Ha JBYX PAax MOAUWHNHHKOB C NosBeCKOH CTaTOpa H poTopa MoOJeH 
Ha rHOKOM TPOCHKe C lebiO CBeEJCHHA K MHHHMYMY MeXAHH4eCKHX MoTepb.: 

KaBHTalMOHHbie HCIbITaHHA Ha CTeHIe CONPOBOXKAAaIOTCA KOHTpPOsIEM 
o6ujero BO3sAyxocoxepKanHA no npHOopy tuna Bau-Cynaiika, BH3ya/IbHbIMH 
HaOJOJeCHHAMH HM oTorpapupoBaHHeM KapTHHb! OOTeKaHHA JONacTeh pabounx 
Kojie¢ H NOTOKa B OTCaCbIBalolleH Tpy6e Cc MOMOLIbIO ClelHalbHOH cTpo6o- 
CKOMHYeCKOH allmapaTyphi. . 

IipH HCnbITaHHH Ha OCHOBE OMbITHbIX MaHHbIX ONpeeMAIOTCA KAaBHTAalHOH- 
Hble ‘KOxpPPHUHEHTbI O AIX pasHbIX 3HaueHHii Q; H ny. Kpome onucaHHoli 
CX€MbI IPHMCHEHbI H Apyrue CXeMbI CTCHJOB. AIA UCIbITAHHA 9HEprerHyecKHX 
H KaBHTa@l\HOHHbIX KadecTB MOJeIH TYPOHHEI. | 

IIpw HCnbITaHHH NpHMeHAIOTCA MOACIH pa3HbIX ZHameTpos 180—800 «x, 
HavOoslee paciipocTpaHenbl pasMepbi MOMeNeH AA 9HEprerHyeCKHX HCNbITAaHHH 
Cc WHamMeTpom 250—460 mm u KaBHTallMOHHbIxX — 250 «mm. 

Jia WSYYCHHA NPOTOUHOH YaCTH HOBbIX THAPOTyp6uHH WeMecoo6pasHO 
IIPOBOAHTb HCCJIEMOBaHHA HX MOJeleH Ha BO3zyxe B adpocTeHze. Tipu ucnpi- 
TaHHH Ha BO3AYX€ MOMKHO ObICTpo HW sdpekTHBHO HCCHEAOBAaTH pa3/MUHble 
BapHaHTbl MOedeH, ONpeeHTb HE TObKO CYMMapHble 3HeEpreTHyecKHe 
XapaKkTepHCTHKH H OCHOBHbI€ NapaMeTpbl NPOTOUHOH waCTH HOBbIX TYPOHH, 
HO JIerKO HCCIENOBaTb TaK2Ke CKOPOCTH H AaBJICHHA BHYTPH MpOTOUHOrO TpakTa 
MalllHHbl. OTH JaHHbIe NOSBOJIAIOT YTOUHHTbh aHaJIMTHUeCKHe pacueThl KoOJIeca 
HM ero NOABOAAIHX HW OTBOAAIMX YCTPOHCTB. SaTeM ONTHMAJIbHbIe BaPHaHTbl 
cilekyeT OTpaOaTbiBaTb B ruApaBsHYeCKOH AabopaTOpHH Ha COOTBETCTBYIOINIHX 
SHeprerHueCKHX H KaBHTAUHOHHBIX cTeHJax. Jia uCCNeqOBaHHH Ha BO3SAyxe 


34 


MOJeIH MOryT H3FOTOBJIATbCA eEPeBAHHbIMH. CaMO HCHbITaHHe NpOHSBOAUTCA 
6bICTpO H CTOHT 3Ha4HTeJIbHO AewleBe, YEM NP HCCAeAOBAHHH MOJeH Ha 
Bone [72]. | | 
: IIpH aspoquHamMHyeckHX HCbITaHHAX Ha BO3AyXe MOLyT onpesenATECA 
JIMIIb SHepreTHyecKkHe KayecTBa MOeNH. KaBHTallHOHHbie XapaKTepHcTHuKH 
HCCIeqOBaTb Heb3A. Ilo 3amepaM BO3AyUIHOTO MOTOKAa MOXKHO OMNpelesuTb 
JHIUb HaWaIO KaBHTalHH, HO padoTa TypOHHbI Ha BO3SAyxe Nocme NPOABAEHHA 
KaBHTalUHH MOJCJIHPOBaTbCA He MOET. 
Ha puc. 1.12 noka3sana cxema aspoanHHamuyeckoro crenga ILKTH. 
CreH], COCTOHT 43 SulIeKTposBHraTena 1, COPeMMHEHHOFO C OCeBEIM BeHTHJSA- 
TOPpOM 3, KOTOPbIH 3acacbIBaeT 4wepes NaTpy6oK 2 BO3AyX H3 MOMEeLLeHHA. 
OTOT BOSAYX wepe3 KOMbUeBOH AHdpysop 4 HarHeraeTcaA B HaNOpHHH Oak O. 
K HanopHomy Oaky NpHcoeqHHAeTCA CHpa/ibHad KaMepa 6 Monenu TypOnHEI. 





Puc. 1.12. Cxema aspoyuHamuueckoro creHya: 


BuHyTpH CiHpaibHOH KaMepbl yCTaHOBJeH HanpaBssIONHwH annmapaT Hu 
fanee paOouee kovieco. K cnupasibHOoH KaMepe TIpHcoesqHHAeTCA H3OrHyTan. 
oTcacbiBaloulaa Tpy6a 7. Y Moves TYpOHHEI NpexycmMoTpeu 9J1€KTpOMArHHTHBIN 
TOPMO3 C BeCaMH MH CcyeTUHK OOopoToB. COoKy TypOHHEI pacnoJoxKeH NpuBos 
NOBOpoTa NONaTOK HanpaBsarolWero annapata. MOmHOCTh 3aMepserca Cc T0- 
MOIIbIO TOPMO34 HH NeHAeJIb-reHepatopa. 

Jlaa M3MepeHHA BOSLyMIHOrO Hanopa ycTaHaBJHBaercA MHKpOMaHOMeTp 
y HanopHoro Oaka H WIA H3MepeHHA pacxowa — y BXOgHOro HacalkKa. Pacxon 
onpewqesAeTCA MO TOKa3aHHAM CKOPOCTHOH TpyOKH. 

Hanop onpeseisetca 10 pa3HOcTH AaBsJeHHA B Oake 5 H B HOMELIECHHH. 
Takum 0o6pa30M, HanopHblii Oak Kak Obl MMHTHpyeT BepXHHH Obed. Ou JoI- 
2KeH HMCTb JOCTATOGHO OONbUIOH OObeM, YTOObI AaBJEHHe B HEM npakTH4ecKH 
He 3aBHCesIO OT CKOpocTH noToKa. BsBuzy Toro, 4TO MOIIHOCTh BOSAYIIHOH 
MOJeJIH 3HAYHTeJIbHO MeHbIUe, YEM MOJCIH pa6oraiomelt Ha BOJle, OTHOCHTeJIb- 
Hbie M€XaHHuecKhe NOTepH nepBon Sombie, YeM BTOPOH.. 

OcHOBHbIe pe3y/bTaThl HCIbITAHHH MOJeIH Ha SHEpreTHueCKHX HW KaBHTAa- 
WHOHHBIX CT€HWaX OTPaKaloTcA Ha YHHBepCcabHon XapakTepHcTHuKe Ty pOHHE, 


Ha KOTOPOH B KOOPAHHaTaX NPHBeAeHHEIX OOOPOTOB ny WM MpHBeyesHEIX 


pacxonos Qi HAaHOCATCA JIMHHH paBHBIX K. 0. J. (yn = const), JIMHHH paBHBIXx 
OTKPbITHH MONAaTOK HallpaBsAIoWerO alnapaTa MOJeIH (A, = const), paBHBIXx 
KOIPDUUHEHTOB ObICTPOXOAHOCTH (f, = const), JIMHHH PaBHbIX KOsPPHIUMeEHTOB 
KaBuTalMH (o = const), AHHHH HATHMpOWeHTHOTO 3alaca MOULHOCTH (WIA 
payuasIbHo- OCeBLIX ff IpOMmeMepHEIX Typ6uH) H KPHBbIe _yrIOB yCTaHOBKR 
nonacTteH padouero kKoueca {~~ = const) 1148 MOBOpOTHOMONACTHEIX TypOuH. 
JIMHHA MATHIPOWeHTHOTO 3amaca MOILHOCTH OrpaHH4HBaerT Ha yaHBepcaibHolt 
XapaKkTepHCTHKe 30HY ycTOHuHBOH padoTsl TypOuHHI. 


Yeemnuenve pacxoga Q; 3a NpeeAb! STO HHH YBeHYMBaeT MOLMIHOCTE 
TOMbKO Ha 5%, Nocwe vero HaCTyMaeT CPbIB MOMIHOCTH, TaK KaK CHH2KeHHE 
K. 11, 2. MpOHCXOAUT ObicTpee, 4YeM YyBeIHYeHHE pacxoOja. 
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Ha puc. 1.13 npuBefeH npHMep yHHBepcalbHOH XapaKTepHCTHKH. pa- 
AUabHO-OceBOH TypOuHbt. Ha puc. 1.14 — npumep yHuBepcabHOH xapak- 
TEPHCTHKH MNOBOPOTHOJIONACTHOH TyPOHHBI. 
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Puce. 1.13. YHusepcanbyple XapaKTePHCTHKH payHasbHo-ocesol 
TYPOHHEI | 


Ha puc. 1.15 uso6paxena yHuBepcaibHaA XapakTepHcTHKa KOBINOBOH 
TYPOHHEI, WIA KOTOPOH XapakKTepHO TO, YTO KPHBbIe NOCTOAHHBIX OTKPbI- 
THH Q) HA YHHBeEpCcaJIbHOH XapakTepHcTuKe NpeAcTaBJIAIOT COOOH BEPTHKAaJIbHbIe 
npampie. O6LACHAeTCA ZTO TEM, YTO PaCcXON BOLI He 3aBHCHT OT 4YHCIAa O60- 
pOTOB TYPO6HHEI. : | : : 
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Puc. 1.14. YHusepcanbyat xapakrepucruka~ mosopoTHononacrHolt 
| TYPOHHE! 

Ha pune. 1.16 npHBeyeHbl Aa CpaBHeHHa pa6ouve XapaKTepHcCTHKH, T. e. 
SaBHCHMOCTH K. Il. 2. OT MOIMLHOCTH Pa3HBIX THNOB TYPO6HH: MponeVJiepHbix, 
PaHabHO-OCeBbIX, MOBOPOTHOMONACTHBIX .H. KOBINOBbIX JA pa3sIHUHbIX 
COOTBETCTBYIOINHX HX THY KoaddbuuveHToB OpnicrpoxogzHocTtu. H3 storo 
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pucyHKa, 4 Tak2xKe H3 paCCMOTPCHHbIX YHHBePCaJIbHbIX XapaKTePHCTHK cJe- 
ayeT, YTO HaH6oee y3Ky!0 30HY BBICOKHX K. I. Jl. HMCIOT MponeMepHhe Typ- 
OMHbI. OHH COXPaHAIOT BLICOKHE 3HAYUeHHA K: I. A. JIMWb DIA pacueTHOH MOLI- 
HocTH. IIpH H3MeHCHHH MOLNHOCTH K: 1. A. NpOnMeIepHbIX TypOHH pe3Ko 
NalaeT, MOSTOMY SKCIWIYyaTaluaA TYpOHHbI compsaxKena C OOJbIIHMH NOTepAMH 
MOLMLHOCTH. XapaKTePpHCTHKa NOBOPOTHOMONAaCTHOH TYPOUHbI GaroyzapsA BOs- 
MOXKHOCTH NOBOPaYHBaTb JOMacTH pa6oyero Koneca Ha ONTHMAJIDHBIN * yrowl 
HMeeT BbITAHYyTbHIe B HallpaBJIeHHH MOUWHOCTH KpHBbIe K. 1: A. Typ6unbl sToro 
THIa COXPaHAIOT BbICOKHe 3HAYeHHA K. I. J. B OYeHb OONbWOM AMaNasoHe 
H3MCHECHHA MOLLHOCTH. | 
Kos@®ulventT momesHoro JeHcT- 
BHA TYPOWHbI C NOBOPOTHHIMH JonNa- 
CTAMH He TaK pe3KO MayaeT pu 
H3MeHeHHH Hallopa, Kak y Nponesz- 
JICPHBIX Ty pPOHH. CreqOBaTesbHO, IPH 
= - W3MCHCHHH pe@2XKHMOB paooTH Typ- 
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Puce. [.15. YoupepcanbHan Xap akrepucTHKa Puc. 1.16. Pa6oune xapakrepHcTuKH TYpOHH 
KOBWIOBOH TYPOHHbI Pa3HbIX THMOB 


OHHbI C NOBOPOTHBIMH JIOMACTAMH UMeIOT Ooviee BLICOKHH Cpe HeSKCIVJy aTa- 
WHOHHbIM K. 1. A. HW ator 6ObLIyIO BEIPAaboTKy IJeKTPOSHEPrHH. 
KaBuTallHOHHbIe CBOMCTBa NponesepHbIX H NOBOPOTHOJIONACTHEIX TY POHH 
XapaKTepH3yIOTCA BLICOKAMH 3HAYCHHAMHM KaBUTalHOHHOTO KOSPpHIHeHTAa OC, 
NOTOMY MPHMeHAIOTCA OHH NP MaJIbIX Hanopax. | ‘ 
Pa6ouaa XapakTepHCTHKa paqWasIbHO-OceBOH TYPOHHbI ABJIAeTCH B STOM 
OTHOWICHHH IIpOMexKYTOUHOH Mey XapakTepHcTHKaMH TponesepHoH Hu 
NOBOPOTHOONacTHOH TypOuH. | 
SHaveHHA K. 1. A. pamWasibHO-OceBbIX THJPOTyPOHH B ONTHMYMe OUeHb 
BbICOKH, HO OHH HMEIOT Oovlee y3KYIO 30HY ONTHMAJIbHbIX K. 1. ., YEM MOBO- 
PpOTHOJONACTHbIe TYPOHHbI, HW MeHbIUIHe 3HaYeHHA KOOPDMMMEHTA ObICTPOXOL- 
HOCTH, T. @. HMCIOT B paBHbIX yCJIOBHAX Gomee HH3KHE OOOPOTH! H OOAbIIHE 
pa3sMepbl pa6ounx kKoviec. 
KOBUIOBLIe TyYpOHHbI B COOTBETCTBHH C HX XApaKTePHCTHKAMH MO3BOJIAIOT 
COXPaHHTb BbICOKOe 3HAaYeHHe K. HO. A. PH eme OObWIeM JHamasOHe H3Me- ~ 
HeHHA MOILHOCTH. : | 
YHHBepCalbHad XapakTepHcTuKa THAPaBMHVeECKHX TYPOHH HMeeT OOO 
3HaueHHe B TipakKTHKe rugpotypO6ocTpoenua. Ilo Hum npocTo uw yO6HO onpe- 
JeMTb K. 1. J., OTKPbITHe HalipaBsalolllero allapaTa KaBHTaWHOHHOrO Ko3h- 
(pHILMeHTa G, yrOJI yCTaHOBKH JonacTeli pa6oyero Koeca @° B 3aBHCHMOCTH 
OT pexumMoB padoTH. Jia 3aaHHEIxX Hanopa H wu momnoctu WN 
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NO YHHBepcaIbHOH XapaKTepHCTHKe ONnpeyenAIOTCH OCHOBHbI€ MapaMmerTpbi 
TYpOuHbI: ee AHameTp D, uncso O6oporos n, pacxoy, Q, 3HepreTHY¥ecKHe CBOH- 
CTBa TYPOHH MPH NMepeMeHHbIX pexKHMaXx paGorur. 

B 3aki0ueHHe IIpHBeeM OPHeHTHPOBOUHBIe WaHHbIe O 3HaYeHHAX ONTH- 
MaJIbHBIX K. 11. I. THApaBMYeCKHX TYPOUH pa3HbIX THIOB. 

B ONTHMaIbHOH 30HeE 9HEpreTHYeCKHX XapaKTePHCTHK IPH ONTHMAJIbHOH 
6bicTpoxoyHocTH (nN, = 200+220) ana KpynHpix (D >6,5 m) panuanbHo- 
OCeBLIX THApOTyYpOHH MpeyenbHoe 3HaYeHHe K. 1. A. MOKET ObITh NONYYeEHO 
4 = 94,5%; AA AHANOrMUHbIX yCOBHH NOBOPOTHOMONACTHHIX TyPOHH (Dy = 
= 8,5 m, n, = 450) n = 94,0%. | 

Jia MeHbIUHX JHaMeTpPOB Komec H ApyruX f,; BeMYHHEI K. Nl. J. OyAyT 
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Puc. [.17. Onunanunt 3HaYeHHA K. I. A. WIHT pasHblx sucrpoxoguocret H HaMeTpos Typ6HH 
a — PayWaNbHOo-oceBbix; 6 — NOBOP OTHOMOMACTHBIX 


OpHeHTHpoBounie M@KCHM@JIbHbIe 3Ha4eHHA K. 1. 0. (B ONTHMYMEe SKCIVIYya- 
TalluOHHOH Xap akTepHCTHKH) B 3aBHCHMOCTH OT ObICTpOXOWHOCTH (”,) H WHa- 
MeTpa paG6ouero Koseca (D,) PamHastbHo-oceBoro H IMOBOpOTHONONAacTHOrO 
Tuna npuBeyenbt Ha pue. [.17. 

IIpu npoBeseHuy MOJCJIDHbIX HCIbITAHHH HAO OOHBAaTbCA OovbileH 
TOUHOCTH HCMbITaHHH. OTHOCHTeIbHaA CpeqHAA KBaypaTHuHaa OWHOKa IIpH 
oupenenc K. 1. A. GyqeT OnNpenenATEcA TO dopmyvie 


VARY + GY + CRY + Gry +) aon 
Orocutenuuas olH6Ka B onpezenenuu yHeAbHOrO BeCa HHYTOKHA, MOSTOMYy 
MOXKHO CUHTATb “ = 0. TouHocTh u3smMepeHua ApyTux BeIMqHH (10 JaHHbIM 
Koza MexyHapogxubix MpaBusl) MpHBOAMTCA HHKe: © 

Hanop AB um: 
NO pa3HOCTH ypoBHelt CBOGOAHEIX NoBepxHocTeH B % —- 


H 
» aBlennio B %: 
rpysoBo MaHOMeTp «..........-. + 0,1 
| 0,1 
PTYTHBIH » (ABmM ........ a 
NpyXHHHb =» Doe Ce  +0,5 
Pacxona QB%: : 
lO 3aMepaM B MepHOM GOake WJIH pezsepByape ... +£0,3 
» BoJociHBy 6e3 GoKOBorO CxXaTHA npoTapHpoBan- 
HOrO Ha cCTeHye «1 we ee eee te tl +0,5 
10 conmmaM, BOoxoMepam Bentypu Hau AMadpparmam +0,5 
Kpytramut moment (M)B% ........ +0,2 
Cropocrb Bpamenuan (1) B% ........ + 0,1 


CneqoBaTeJIbHO, CPeQHAA OWIMOKa XK. TN. J. 


<1 = 0,1? + 0,5% + 0,28 + 0,17 = 0,55% . 


10. HOMEHKJIATYPA FHAPOTYPBHH 

















VictouHvKH OFpOMHBIX BOUAHBIX pecypcoB CosetcKkoro Co1w3a kpalne 
pa3sHooOpa3Hbl MO CBOHM 9HepreTHYeCKHM JaHHbIM. PaBHHHHbIe H BbICOKO- 
TOPHbI€, MaJIOBOJHbIe H MHOFOBOHbIe PCKH NO3BOJAIOT MOYYHTb Ha NpakTHKe 
BCCBO3SMOXKHbIe COUeTAHHA HAaMOpOB WH PaCXONOB. 

Ira cnhewuduka FruyAposHepreTuKH Tpe6yeT H3roTOBNeHHA TruspotTypOuH 
CAMBIX Pa3JIHUHLIX MOU[HOCTeH, THIOB, pa3MepOB H KOHCTPYyKILHH. 

B 3aBHCHMOCTH OT Hanopa wm060H THNOpasmMep TyYPOHHbI MO2KEeT HMeTb 
M CaMylO MaJlylO H CaMyIO OOJIbITy!I0 MOMLHOcTb. Jlio6an 3aaHhasf MOLLHOCTB 
B 34BHCHMOCTH OT Hanopa MOXKeT NOTPe6oBaTb TYPOUHY C MaJIbIM HW G6ObUIMM 
pa3Mepom kovieca. | 

B CCCP 8 ueaax yuudu- “i 
KallHu HW HOpManusanuu ranpo- ° * aG5" See NG 

#1, * 
TYPOHHbI JenATCH Ha Maybe, 290 bi Det Beok \ 
cpeqHHe H KpyMmHBIe. 30 | > c > 

MaJlbliMH Ha3bIBaloT Typ- \ WS Loy 
OUHbI, WHaMeTp pabounx Kowec : <7 | | 
KOTOPbIX He NpeBocxogutT 1,2 m \ TypSunoi 1 Ing Typdunest PO 
mp Huskux 4¥ 0,5 pH BbI- 17 Yori op 
COKHX Hamopax, a MOLEHOCTb 5 be Org ~ ve lem RN 
cocTaBjaeT He Gonee 1000 Kem ai | a WSN 
(19, 211. nt sak WN < \ 

CpeHUMM HasBBaloT 4, SQ WN WS 
Ty pOHHbI Cc WHamMeTpoM paOounx =” 9.23 40 80120 300500 He 
Kouiec He Goulee 2,5 w pH HH3- | _ 
Kux u 1,6 “ pm BHicokHx Ha Puc. 1.18, O6nactb npuMeHeHHa pasM4HEX rHpo- 
nopax. MollHOcTb cpeHUX Typ- ae TypOnH 7 
OHH He npeBbmuaetT 15000 Kem. | 

KpytmHble TypOHHbI MOryT HMeTb AHaMeTp paOouero kKOsIeca JO 
10,5 m y MOBOpOTHOMOMAcTHEIX THApOTypOuH Hu 7,5 M Y PafHaJIbHO-OCeBbIX 
Typ6uH. MomHocTb KpynHbIxX rHapoTypOuH MOoxeT JocTuraTh 600000 Kem 
H 6osree. | 

B cBa3H C 60JIbIIMM pa3sHOOOpasvemM MapameTpoB rHyzpoTyp6un B CCCP 
TipoBejeHa BaxkHaA pa6oTa no yHH@uKaLHH WH HOPMaNIHSallHH rHApoTypouy, 
YTO NOSBOAMAO NpHyaTh THApoTypGocTpoeHHio B HEKOTOPOH Mepe CepHHHbIi 
XapakTep. a 

Jia Han6onee pacipocTpaHeHHbIX peaKTHBHbIX TypOHH COCTaBsIeHa HO- 
MeHKJIaTypa KPYNHbIX, CpeJHHX HM MaJIbIX rHgporyp6un [24]. : 

Ha puc. 1.18 npupegena o6acTb UPHMeHeHHA Pa3JIHUHbIX THAPOTypOUH. 
CyllHOCTb HOMeHKJIaTYPbI 3aKIOUaeTCA B TOM, 4TO BeECb BEPOATHBIN Ha Mpak- 
THKe JManma30H MPHMeHeHHA MaJIbIX, CpeMHHX HM KPYNHHBIX PeaKTHBHBIX 
TuypoTyp6un. ot 2 yo 500 m no Hanopy (H) pa36uBaetca Ha yuacTKH, OOcay- 
2KHBAeCMbIeC HAHMMECHDINHM YACAOM 3apaHee YCTAHOBJICHHHIX HOPM@JIbHbIX THMOB 
{cepu) pa6ounx Kolec H rHyqpoTyp6uH. 

Kaylan cepa BKsl10uaeT pA padounx KOMeC OMHHX H TeX Ke MWHAMETPOB, 
YUMCIO KOTOPHIX OGecneunBaeT CMMOWHOe NOKpbiTHe Bcero AHana3zonHa Tpebye- 
MbIX MOILHOCTeH. 

CoueraHve Tuna (cepuH) H WHameTpa pa6ouero Koseca MaeT THMOpasMep 
Ty pOHHE. | | | ae 
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B koopguHatax N u H 30Ha NpHMeHeHHA THNOpasMepa OrpaHHuMBaetca 
NIOMagbio MapaiweworpamMa. COBOKyNHOCTb BCeX HOPMAJIbHBIX THMopas- 
MepOB, OXBAaTbIBaIOWHX PAN THAMeETPOB HM Pa3HBIX THMOB Kosec, H OOpasye}r 
HOMCHKJaTypy MaJIbIX, CPpeAHHX WH KPYMHBIX PeakTHBHbIX FHApPOTypOuUH. 

B nepBom 43qaHuu MoHOrpadun «l HApoTyp6uHbm npuBeyena yKa3aHHaA 
HOMeHKaTypa H JaHHble pasWUHbIX KOeC THApOTypOWH, MpHMeHABIUNXC 
paHee. | 

.B mocneguee Bpema Ha JIM3 u B UKTH Onina paspa6orana HoBad HOMeH- 
KMaTypa KpyNHbIX THAPOTYPOUH, B KOTOPylO BKJIIOUeHbI FHAPOTYPOHHbI C WHa- 






DD, > Dy 
6) oo 


y , | 
mz fa 


: Do 










Puc. 1.19. Homauanbubie AHaMeTpbi paGouHx KOylec pa3HbIX THMOB 


MeTpaMH paOounx Kosec: D, = 250+ 1050 cm (noBpopotHononactune); D, = 
= 180+ 850 cm (paqnanbHo-ocesne). HanpaBasiomHi annapat Npunat c no- 
BOPOTHBIMH -JIOMNaCTAMH payHasIbHOrO THT. | 

Hopaa HOMeHKJatTypa rHypoTyp6unH Oa3supyeTcA He TOAbKO Ha y2Ke HMEIO- 
HWIMXCH B HaCTOAee BPeCMA THMax pa6ouHx KONeC, WaCTb H3 KOTOPbIX: MOKET 
ObIThb IPHMeHeHa JIHOO HENOCpeACTBEHHO, JIH6O Noce HEKOTOPOH AOpa6boTKH, HO 
M Ha OOpasiyax, elle He CO3aHHbIX, HO HMEIOINHX TCXHHYCCKH JOCTH2KHMbIe 
mapaMeTpbhl, HaMe4YeHHbIe B HOMeCHKJIaType MpOrHoO3HO, Ha OCHOBaHHH HMe- 
IOMMHXCA _PACYeTHBIX HW 9SKCNEPHMCHTAJIbHLIX MaTepHaOB. CnéfoBaTedbHO, 
HOMeHKJaTypa PAKCHpyeT He TOABKO JOCTHTHYTHIM ypoBeHb, HO ¥ ompenemner- 
JaNbHeHwee pasBHTHe HCCJeqOBaHHH NO co3sqaHHIo pabounx KoyIec Ha Gouee 
BbICOKOM TeXHOJIOrHYecKOM ypoBHe. Jlostomy mpu BHIGope THNOpa3smMepoB 
TYPOHH WH HX OCHOBHBIX NapaMeTPOB HeOOXOAMMO COTaCOBLIBaTh C 3aBOJLaMu- 
H3FrOTOBHTeCIAMH TYPOHH BO3MOXKHOCTL HelOcpeCTBEHHOrO MPHMCHeHHA HMe- 
IOWLHXCA THNOB KOJIeCC HIM CO3aHHA HOBDbIX. : 

Homeukslatypa Typ6HH ycTaHaBluBaeT: a) MapKHpOBKy ruzpoTyp6un; 
6) THnbl pa6ouux Komec; B) THMbI] yCTaHOBOK; ©) pAb] AHaMeTpoB ‘:pabounx 
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Komec D, B CM H OCHOBHBIX KOHCTPYKTHBHbIX pa3MePpOB CTaTOPHOH uacTu 
THIPOTy pOuHEl. 

Mapka rHypoTypOuH BkKwlouaeT TpH OOO3HaueHHA, OTNe1eCHHEIX pyr oT 
Apyra uwepToukaMuH: THN paOouero KOeca — THN ycTaHOBKH — juaMeTp pabo- 
vero Komeca. Tum pa6ouero Kosleca O603HauaeTCA JBYMA OyKBaMH, MpHCBOeH- 
HbIMH JaHHOH CHCTeMe TYPOHHBI, BeIHYHHOH MAaKCHMaJIbHOrTO Hanopa Hyay, 
IPH KOTOPOM MO2KET IIPHMeEHATLCA aHHoe paGouee Kovleco, H MOPATKOBbIM HAM 
HHBeHTapHbIM HOMepOM. fay MPHHHMaeTcA 6e3 yyeTa MOBHINICHHA TaBJIeHHA 
pH THypaBmnyeckom yyape. [Ilpumep o6o3HayeHHA Tuna paGounx Kowec: 
T1J140; IIJ175. 
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Puc. 1.20. Caoquni rpapuHk KpynHbIx HOMeHKJaTYPHbIX FrHAPOTyp6HH 


Tun ycTaHoBkKH O6o03HauaeTCA MpOMmHCHOH SOyKBOK: yKa3biBalolan pacno- 
JIOMKCHHE Balla TYPOWHbI — BepTHKaJIbHbIM (B) Hwan ropH3oHTaibHbin (Mf). 
_ Pasmep TypOvHbI yKa3biBaeTCA B MapK€ HOMHHA@JIbHBIM JHaMeTPOM ee 
pa6ouero Kovleca Di, BbIPaxKCHHbIM B CaHTHMeTpax. 

3a HOMHHAJIbHbIM JMamMeTp pa6ouero Koneca D, npunumaetca (puc. 1.19): 

1) y MOBOPOTHOMONACTHBIX H MponesAepHEIx TypOuH (puc. 1.19, a) — 
HaHOOJIbIInH JWHaMeTp KamMepbI paOouero Kovieca; 

2) y pawvasbHo-oceBbix Typ6uH (puc. 1.19, 6, @) — Hav6o/IbIUHH HamMeTp 
padouero KOIeca 110 BXOMHBIM KpOMKaM eFro JiomacTeH; 

3) y KOBHIOBBIX Ty pOuH- (puc. 1.19, 2) — qMameTp oKpyxHOCTH pa6ouero 
Kosleca, KaCaTeJIbHOH K OCH CTpyH, BbITeKaoleH H3 COMMA. 

Hopmampuoe BhINOIHeHve TYPOHH — C MpaBbIM HalpaBsJeHHeM BpauleHHA, 
T. €. MO UaCOBOH CTpesKe, CCIM CMOTPeTb Ha TYPOHHY CO CTOPOHbI reHepaTopa. 

O6pasubt MapkuposBKH: []J140-B-500, uro o3HayaeT: NOBOPOTHOMONAacTHAaA 
rupotypO6una c padouuM KoecoM 11J140, C BePTHKAaJIbHbIM BaJIOM, C Ha- 
MeTpOM pa6ouero Komeca D, = 500 cm. Koneco TypOuHbI MOKeT MpHMe- - 
HATbCA IA Hanopa 70 H = 40 om. 

Ha puc. 1.20 u306paxeH CBOHHIK rpapuK HOBOH HOMeHKJaTy pbl FHApotyp- 
OHH B NOrapHMH4ecKHX KOOPAMHAaTaX, B KOTOPOH AA HanopoB 3—500 
 MouHOcTH 20 900 000 xem mpuHaTo Bcero 17 TunoB Komec (9 NOBOpOTHO- 


4} 


Ta6nuna 1.2 
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OY 


Tunopasmephl peaktuBinix fuApotyp6un 
Tank pa6ounx KoOvIec 


H ampaBsato- 
WHA annapat 


PA THAaMeTpOB 


Zo 


11140 | r160 | T7160 | 113170 | 11/180 | PO45 | Pons | PO170 | P0230 | Posto | P0400 | PO500 


mutio | m6 T1120 | T1J130 
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JIONACTHBIX H 8 payqwanbHO-OceBbIX) C WHaMeTpoM pa6ouux Kovrec 180—1050 cu. 
[paHuila MOUHOCTH KaxKOH OOAaCTH ONpesemAeTCA MpHHATBIMH MAKCHMA€jJIb- 
HbIMH H HOMHHAJIbHbIMM JMaMeTpaMH pabounx Konec Dy max, Dy mn, MOCTAB- 
JIGCHHbIMH Y COOTBETCTBYIOWIHX HAKJIOHHBIX JIMHHH. 





Puc. 1.21. Pazmepp mnporod- 

HOH 4aCTH HOMCHKJIaATYP HBIX 

NOBOPOTHOJONACTHHIX rHypo- 
Typ6OHH 


PasMepbhI NpoTOYHOn YaCTH NOBOPOTHONONACTHEIX paGouHx Konec HOBOM HOMeHKAaTYypE 


Tun kKovreca 

































































































































































































































































Ilapametph 
Kovreca . 
JI10 | I1J116 | 11J120 | I1J130 T1J140 | TIJI50 | T1J160 | I1J180 
Zi | 4 | 4 4 5 6 6 | 7 7 8 8 8 
Se. 0,45 0,45 0,4 0.4 | 0,375 | 0,375 | 0,375 | 0,375 | 0,35 |- 0,35- 0,35 
i 
dom | 
5 0,33 0,35 0,37 | 0,41 | 0,43 | 0,45 | 0,47 | 0,49 | 0,51 | 0,54 0,6 
1 . 
as 0,28 0,3 0,32 | 0,36 | 0,38 | 0,40 | 0,42 | 0,44 | 0,46 | 0,49 | 0,55 
1 . 
Re 0,36 | 0,35 | 0,34 | 0,32 | 0,31 | 0,3 | 0,29 | 0,28 | 0,27 | 0,25 | 0,22 
2 
a 0,31 | 0,33 | 0,35 | 0,4 | 0,42 | 0,44 | 0,46 | 0,48 | 06 0.54 | 0.6 
i 
med oer | 0,09 0,093 0,098 | 0,10 | 0,103 | 0,105 | 0,108 | 0,11 | 0,113 | 0,12 
Re 0,315 | 0,338 | 0,360 | 0,406 |-0,430 | 0,453 | 0,477 | 0,500 0,520 | 0,560 | 0,635 






































hy = 0,2085 Dyy.d = 0,1 Dy: 8 = 0,001 D, — 0,0005 D, 





[paHnilta IpHMeCHAeMBIX HaNOpoB WIA KaxKOH O6aCTH yCTaHOBAeHa HCXONA 
M3 OOBTYHO JOMyCKaeMbIX JKOHOMHYECKH WewecOOOpPa3sHbIX BbICOT OTCAaChIBa- 
aun H,, a Takxe 43 yCOBHA MpouHocTH sonactelt. | 
 B tra6n. I. 2 npupenenbt cTaHyaptHpe uameTpbh pabounx Konec D, u 
AMaMeTp pacnoOOKeHHA OCeH HallpaBJIAIONNHX JOMaTOK Dg H HX KOMHYECTBO. 

Ha puc. 1.21 ns06paxeHbl OCHOBHBIe pasMepbl MpOTOYHOH 4aCTH HOMeH- 
KJlaTyPHBIX. KOIeC NOBOPOTHOMONACTHBIX TypOHH Hu Ha puc. 1.22 — pamu- 
aJIbHO-OCeBHIX TyPOHH. | 
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Puc. [.22. Pa3Mephl HOMeHKJaTypHEIX paGouHx KOJec paHasbHO-Oce- 
BBIX rHzporyp6uH 


PasMephi HOMCHKAaTypHBIX paGouHx KOAeC paqwaabHO-oceBLIx Typ6HH B 3aBHCHMOCTH oT D, 





Tun , , qe 
paGoyero | . Do Dz | Py | be R | Rt | Re | 9 | 2° | Ot bs. | a1 | as | 


Koveca 





PO45 1,16—1,2 | 1,08 | 1,004} 0,35 |0,0435) — — |0,055) 0,165; ~~ |0,02 — — 
PO75 1,16—1,2 {1,09 | 1,004; 0,38 |0,0435, — {; — | 0,055] 0,190; — {0,03 * — 
POLIS | 1,16—1,2 |1,18 | 1,004] 0,25 | 0,0435) 0,275 — | 0,055 | 0,190} 0,275; — | 0,765) — 
PO170 1,16—1,2 | 1,0343/ 1,004 | 0,224; — |0,4389) — | 0,055} 0,148) 0,439] — | 0,505) —_ 
POQ230 1,2 0,6426} — |0,104} — |0,4746] 0,198 — — — |0,198 | — j0,0129} 
PO310 1,2 0,705 — | 0,08 — | 0,375 |0,1125) — _ — j0,1065) — |0,0462 





IIpumenxanue. Teomerpuueckue pasmMephi TypOHHH 2aHW BO OTHOWeHHH K HOMHHaIbHOMY 
aMaMeTpy paG6ouyero Koueca. 
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M3 pucyHKOB cjleflyeT, 4TO KO- 
Aeca MOBOPOTHOJONAaCTHbIe WH payH- 
aJIbHO-OCeBbIe IPH MPHMeHeEHHH JIA 
6O/1bIIMX HanNopoB Umer  6ovree 
CTECHEHHYIO MpOTOUHY!O YaCcTb. 

B ta6a. 1.3 u 1.4 npupeyeuni oc- 
HOBHbI€c KOHCTPyKTHBHbIe WH THpa- 
BIMYeCKHe MapamMeTpbl padounx 
Kovlec. 


B HOMeHKJlaType ruypotyp6uH 


NpeyCMaTpHBaloTca HW YaCTHbIe rpa- 
(uKH O6acTeH NMPHMeHeHHA OTENb- 
HbIX CepHH paOouHx Kovec TyYpOHH, 
KOTOPbie NOCTPOeHHI B Tex Ke KOOPAH- 
HaTax, 4TO H CBOJHbIN rpaduk, HOC 
JONONHHTeJbHbIMH JaHHbIMH, MO3BO- 
JAAIOULHMH ONPeeATh pa3mMep Typ- 


OHHbI HM CKOPOCTH ee BpalleHua. Irn ~ 


“UaCTHbie TpapukH JIA HOMCHKJIAaTyp- 
HbIX KOIeC NPHBOAATCA B CNpaBOuHH- 
KaX, HMM MOb3yIOTCA NpH npeyBa- 
PHTeJIBHbIX pacueTax TypOHH B po- 
€KTHBIX OpraHv3alHAX. 


_ Homenksatypa cpeqHux 4H Kpyn- 
HbIX THIPOTYPOHH COCTaBJIeHa C y4e- 
TOM IIPHM€HCHHA MHHHMMAJIbHOrO 4H- 
cla THNOB KOeC H HaHMeHbIlero 
pAa AHaMeTpoB, MpH 9STOM COxpa- 
HAIOTCA O€3 CYLUICCTBeEHHbIX H3MeHe- 
HHH ONTHMaAbHbIe-rHApaBsIMuecKHe 
KauectBa kosiec. JtocTuraetca 93TO 
3a CUeT IIPHMCHEHHA CHCTeCMbI HOMH- 
HaJIbHbIX JMAMeTPOB pa6oyero koO- 
aeca. Kakybid HOMMHAIbHBIN WMa- 
MeTp paOouero kKoyleca, yKa3aHHbi 
B HOMeHKJlaType, onmpeesaetT HeH3- 
MCHHbI€ JIHaMeTPaJIbHble pa3Mepbi 
CcTaTOpHOH wacTH TypOuHEt. 


_ B kKauectTBe ocHOBHOrO cTaHyapT- 

HOTO pa3Mepa CTATOPHOH YacTH NpH- 
HAT uametp Dy, pacnonowenua 
oceH HallpaBJIAIOWIMX MOMaTOK, a 
cpakTuyeckHh uameTp D, pa6ouyero 
Koleca MOXKeT B CJIyyae HeOoOxogu- 
MOCTH HM€Tb OTKJIOHCHHA OT HOMH- 
HaIbHOrO 3HaveHHA. 

Tlostomy 43 copMysIbI MOLLHOCTH 
TypOuHn N = 9,81QHn, pacxoy 
KOTOPOH BbIPaxKeH Yepe3s Nponyck- 
HY!IO CHOCOOHOCTB padoyero KkKovie- 
ca Q; 


3 
N=9,81Q\DiH?n, (1.52) 


Ta6auna 1.3 


OcHOBHBIe NMapamMeTpbl palvanbHO-oceBHx padouux Konec 








Tunbl pa6ou“#x Kosiec 


380—500 


290—400 


| 30-45 | 40-75 | 70-115 | 110—170 | 
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0,3 0,25 0,2 0,16 0,12 0,1 0,08 
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OTHOCHTeJIbHaA BbICOTa HallpaBsso- 
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BHJHO, 4YTO HeEOGxomMMOe (B WeAX MOMyYYCHHA HAWMeHbIWero YMCA WHa- 
MeTPOB B psy) WHpoKkoe BapbHpOBaHHe MOLJHOCTH KaxKyOoro THNOpasmepa 

max — Nain HPWH MOCTOAHHOM Hanlope MOXKET OCYMLECTBAATbCA 3a CUeT H3Me- 
HeHHA MBYX BemHuHH Q; u D;: 


3 
Nmax = = 9 ,81Q) max x (Di + AD:)2Him:; > Nmin — 9,81Q; min (Di — AD,)’ 2m, 


(1.53) 
HAH, WpeHeOperad pa3sH4YHeM MeEKAY Ny HW Neo, NOMYYHM OTHOMEeHHE 
Nmax_ _ Qi max (Dy + ADs)” . ( l. 04) G3 OMKMOHEHUT OM HOMUHQSOHGIX 3rd venud 
Nin Qi min (D, __AD io Ife GuamempoG Dy U Dn-t | 












a aT 
Leena SEG 
eee AE 


Ecaiw HeT BO3SMOXHOCTH BapbH-. 50 
poBaTb yMameTp Koyeca D,, a oe 
TOJIbKO ero MpomycKHy!o cn0co6- 


N 




















HOCTb, OTHOMeHHe 3? (Ep ek S He A+++ 
, + St St 
Nmax imax (pr © CSCsic steele 
Nain OC (1.95) : 1 . 13 14 15 16.17 18 19 20 24 22 23 2425 26N 
min Q; min 
C npunsamemu naubonouuMl omKnonenusMu Or 
Oy HeT MeHbIUe H, CIeTOBaTeVib- 7,40 HOMUHOMbHOIX anavenuy Ouamempob Dp u Dn-t 
HO, 4TOOL! HMCTb Te 2%Ke 3Haye- 97 
, | | [47-05% p| Jn - AD; 

HHA K. 1. J., HYKHO yBeIMUHTb 90 4} eres Fa 
KomHYeCTBO JWaMeTpoB B pay, —98-—-DeP CED AT NET 
HOO HATH Ha CHMKeHHe K. I. J. 74|_ | ETT YAN, P| 
pH BapbHpoOBaHHH MOIHOCTH = fol | Wd ST Sifw~iil Atl 
WaHHoro Tanopasmepa. Sto un- poi | PS) Ri sy Is St tf 
mioctpupyetca puc. 1.23, rye LT SL Silt ener 
K. 11. 2. OBYX CM@XHBbIX QHameT- Puc. 198, Kpupble K. 1. . TYpOHH c JBYM# 
pOB HOMeHKJlaTypHoro pada Typ- CMCXKHBIMH AHaMeTp aM 


OHHbI palWabHO-oceBoro THIa 


AIA JBYX CyuaeB: 6e3 OTKJIOHCEHHH OT HOMHH@JIbHbIX SHAYCHHH JHaMeTPOB 
H C NPHHATHIMH HaHOoJIbWIHMH OTKJIOHCHHAMH OT HHX IIPpH HeH3MeHHOH CTA€a- 
TOPHOH 4aCTH. 

BepxHHe Be KPHBbI€ COOTBETCTBYIOT CJly4alo, Korma He lmpeyCMOTpeHo 
OTKJIOH€CHHE OT HOMHHAJIbHbIX 3HaYeHHH JHaMeTPOB, HHKHHE KPHBble Mpel- 
CTaBJIeHbl JWIA TeX Ke JAByX CM@XKHBIX HOMHHAJIbHLIX JHA@Me€TPOB pAa, HO 
NIpH HaNM4HH JOMycKaeMbIX OTKJIOHCHHH OT HOMHHala —B OOJIbHIY!IO CTOPOHY | 
AAA MpetbilyujerO HOMHHAabHOrO AMaMmeTpa Dj (n-1) + AD, MW B MeHbIyIo — 
AIA Tlocmezyroulero AHamMetTpa Dj (ny) — AD,. 

B repBoM CJly¥ae Hav6oOJIblee BOSMOXKHOe CHHKeHHE CPeAHE-3KCIVIY atTa- 
IMHOHHOTO K. 1. A. (An) cocraBaaeT OKOO 2%, BO BTOPOM CJTy4ae BCerO OKOJIO 
0,5%. Sto cHwKeHHe NOACUNTAHO KaK pa3HOCTb CpesqHeapucpMeTHYeCKHX KOIh- 
(bunHeHTOB MowesHoro JeHcTBuA Ha Harpy3Kax N; 0,9N; 0,8N;0,7N u 0,6N. 

OnucaHHbI MeTO, OTKJIOHCHHH HOMMHAJIbHLIX JHaMeTPOB paGounx KO- 
nec D, B HeEH3Me€HHOH cTaTOpHoOH uacTtu Dp» NpHMeHAeTCA JIMIWb WIA TypOHH 
paqvasbHO-oceBoro THIa, KOTOPbIe NOSBOJIAIOT MPHHATb CpaBHHTeJIbHO © 
y3KHe Npesenbl H3MeHeHHA MponycKHOH cnoco6HocTH Qy. 

B NMOBOpOTHOJONACTHBIX TYPOHHAX, MMEIOWMX BeCbMa MOJIOrylO KPHBYIO 
H3MeHeHHA K.0. 0. n =/(N), OTKIOHEHHA OT HOMHHAABHOTO AMameTpa 
B HOMe€HKJlaType He mpenycmaTpHBaetca (AD = QO), HeoOxoguMoe BapbHpoBa- 
HHe€ MOUHOCTH TYPOHHbI B raOapHTaxX HOpMaJIbHOrTO THNOpa3smMepa OCTH- 
raeTcaA 3a CueT Pa3AHYHbIX YrIOB yCTaHOBKH pad6ounx JlomactTen. 


4T 


Dn 
| es | 
NpHHATO B Mpenenax oT 1,073 (ana OONbINNX 3HANeHHE uameTPos) no 1,12 
(1JIH MCHbIUMHX 3HaveHH juamerpos). 

B cpequem OTHOMeHHe JBYX CMCKHHIX AMaMeTPOB NpHHATOrO pana k = 1,09. 

HomeukulaTypa rHporypOuH, paspadotaHHaa B CCCP, c cucTemoi Hop- 
M@JIbHbIX THMOpa3MepoB, XapakTepH3yeMbIX paOO4“UHMH KOVJICCAMH, ABHIAaCb 
HCXONHOK 6a30H WIA abHeHWWUxX pa6oT 10 CO3,aHHIoO KOHCTPyKTHBHBIX THMO- 
pasMepoB, XapaKTePH3yeMbIX THNOM H Pa3MepOM CTaTOPHOH YacTH TypOHHEI. 

YcTaHOBeHHe YeTKHX [PpaHHIl IIPHMeHeHHA TO Hanopy H Kaxyoro Ho- 
Me€HKJIaTyPpHOrO KOJIeca, KOHCTPyYKTHBHOPO (cTaTOPHad YaCTh) THAW HalM4He 
Ppa AWAMeTPOB NO3BONHJIM CO3,aTb CHCTEMY HOPMAIH3allHH y3JI0B H JeTaneii 
Typ6uH. IIpumeHeHue yHH@HUMPOBaHHBIX CX€M H Pa3MePHHIX COOTHOMMECHHH 
NOSBOJIHJIH WIHPOKO HCHOJIb30BaTb 3aKOH NOJOOHA WIA MHOTHX 3JIeEMeHTOB 
KOHCTPYKUHH H MOIYUHTb WIA HHX 3aKOHOMePHbIN pA pa3sMepos. 





B HOMe€HKJaType OTHOWeCHHA AByX HOMHHAJIbHBIX AMameTpoB k = 


Taaspa Il. 


KOHCTPYKUMHM PHPOTYPBHH 





1. KOHCTPYKTHBHBIE CXEMbI FrHAPOTYPBHH 


Jia KpynNHbIX HM CpeRHHX FTHApoycTaHOBOK MPHMeHAIOTCA cuesyiollHe 
THNbI THAPOTYPOHH: MOBOPOTHOMONAacTHbe (OCeBbIe, -[HaroHabHble WH TopH- 
30HTAJIBHbIe), PaHabHO-OCeBble W- KOBHIOBbI€ (FOPH3OHTaJIbHbIe HW BepTH- 
KalbHbe) [17], — | ae 

PaccMOTpHM OCHOBHbIe Y3ibi H MpHHWHN paoorThl sTHX TypOuH. 

Ha puc: II.1 us06pamxena cxXema KOHCTPyKILMH NOBOPOTHOMOMNAaCTHOH Typ- 
6HHbI (OceBOH). oo 

Boa W3 BOJOXpaHHJIHia CTaHWMH, CO3aHHOrO HJIOTHHOH, MOABOAMTCA 
K paOouemy Kowecy MO CNHpaJIbHOH Kamepe 8. B wentTpe cnupa/IbHOH KaMmepbl 
HaxXOJHTCcA HanpaBJAIOWWH anma- 
par 2. NT 

HanpaBJatoliunw anmapart my- Her] 
TEM TOBOpOTa MONATOK Co3aeT ML | 
HyKHOe HalpaBJIeHHe MOTOKA, 
mocTyNatioulero Ha paoouee. Koule- 
co /, H3MeHHeT KOJHUeECTBO TIpo- 
TeKalouleH Yepes pa6douee KOyIeco 
BOJIbI H, HAKOHEL, MOSBOJIAeT mpe- 
KpaTHTb nlocTymieHve Bob. 13- 
M€HAA C NMOMOMMbIO HanpaBnt1o- 
wero almapatTa pacxoOj, BOJbI Ye- . 
pe3 TypOHHy, MOMKHO peryJIHpo- 
BaTb €e€ MOLLHOCTb. 

HanpaBsiatolluh almapat Typ- 
OMHbI.2 NpescTaBJIAeT COOOH MeXa- | 
HH3M, COCTOAWIHH H3 OO7bIUMOrO 
KOJIMYCCTBA PaCMOJIOKeHHBIX 110 
OKPYXHOCTH HallpaBJIAIOLWNAX J10- . f 7 . 
MaTOK, TelO KOTOPBIX HMeeT Puce. II1.1. Cxema mosoporHononactHoh TypOnHEl 
B ceyeHHH oOTeKaemylo (opMy. . : : 
Hanpapjsiollve ONaTKH MOryT OJHOBPeMeHHO MOBOPauHBaTbcA Ha HYKHbIU 
yrou, o6pa3yA Npw 3TOM Mex AY cOOOH KaHaNbI WIA Mpoxoa BOLI; WupuHna 
39THX KaHaJIOB MCHAECTCA B 3ABHCHMOCTH OT yrjia MOBOpPOTa HalpaBJIAIOWLHX 
uonaToK. B 3aKpbITOM MOJOKeHHM HalpaB/AOllero alllapata oMNaTKH CONpH- 
KacalwoTcnA WH pacxOl BOJbI 4Yepes TYpOHHYy Mpekpaltaetca. 

IIpH TakoH KOHCTPyKUHH HalpaBsatoulero alnapaTa Boa NOABOLUTCA 
K pa6ouemy KOecy MO BCeH OkpyxHOCTH. JloMaTKH KHHeEMATHYHO CBA3ZAHbI 
C MA@CJIAHbIMH MOPLIHeBLIMH CepBOMOTOpaMH 7. ©. 

CepBOMOTOp COCTOHT H3 WHAMHIpa uw nopmusa. [Ipw nogaye mMacia mon 
aBIeHHeM B IMAHHIp NopuieHh HauvHaeT ABHraTbCA, YBeKaa 3a CcoooH 
perymHpylomee KOJIbILO, KOTOPOe NOBOPayHBaeT HallpaBlAOllHe JMOMAaATKH. 
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i3 HanpaBjsatomero anmapaTa NOTOK BOY, NOJYYHB HEOOXOAHMOe HalipaBse- 
HHe, NonmawaeT Ha paGoyee Koveco. 

KojiecO MOBOpOTHOJONacTHOH TypOuHbI / OObIMHO HMeeT HECKOJbKO JOMNa- 
cTeH (4—8), KOTOpble CBOHMH Iandamu 3aKpenseubl B KOpnyce. BHyTpu Kop- 
Myca paciOOKeH KPHBOWHNMHbIH Me€XaHH3M JIA NOBOpOTa MONacTeH cepBo- 
MOTOpa, KOTOPbIH TPH NOMOULM MacJiIa cO3qaeT ycuMe, HeOOxOAHMOe AWA 
COOTBETCTBylolleroO HX NoBopoTa. CHu3y Kopliyc kKOwleca 3aKPbIT KOHYCOM. 

Mac.io K cepBomoTopy pa6ouero Koweca nojaeTca 0 Tpy6aM-lITaHram, 
PacnOJIOMKeHHEIM BHYTPH Baya. UilTanrw coequHaroTca Cc MaCJIOMpHeMHHKooM 4, 
YCTaHOBJICHHbIM NOX reHepaTopoM. K MacompHeMHHKYy MaCJIO MoaeTca OT 
MaCJIOH@HOpHOW YCTaHOBKH 6, COCTOAMeH H3 MACJIOBO3AYWHOrO KOTIa H Mac- 
JIAHbIX. HACOCOB C APMATYPOH, YCTAHOBJICHHbIX Ha CJIHBHOM Oake. 
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Puce. 11.2. Yupomenuaa cxema perysm- 
pOBaHHA MOBOPOTHONONAacCTHOH TYPO! 


B 3aBHCHMOCTH OT XapakTepa mMocTylatoulero nmoToKa momacTH Komeca 
MOryT CHHXPOHHO YCTaHaBJIMBaTbCA NO], HAHBLITOHEHIUHM YIVIOM, B COOTBET- ~ 
CTBHH C OTKPbITHeM HallpaBJaiomlero annapata. 

liz pa6ouero Kojeca Bosa Janee NocTyHaeT B OTCACHIBAaIOllylo Tpy6y 9, 
ceueHHe KOTOPOM NOcTeNeHHO yBeJIHUHBaeTCHA HW BCMEACTBHE STOFO YMCHbIMaeTCHA 
CKOpOocTb noToKa Bob. H3 oTcacsiBarome TpyObl BOa YXORHT B HHKHHE 
Obed cranyuHH. PaGoyee Koneco TYPOHHbI 3akpeneHO Ha BepTHKaAbHOM Ba- 
ay 17, KOTOpbIH HanpaBaseTca nogwMNHHKOM 10. Ban tTyp6uHEI coeqHHeH 
Cc BaOM reHepaTopa 3. CormacoBanve pexuMa pa6oTbl TYPOHHBI Cc BHELIHe 
Harpy3KOH NPOH3BOANMTCA perysATOpOM 8. OC 

YMpoOweHHad CX€MA PeryJHPOBAHUA MOBOPOTHOMOMNACTHBIX TYPOUH MOKa- 
3aHa Ha puc. I1.2. - | oO 

PeryaatTop TypOWHbI HMeeT MAATHHKOBOe ycTpoiicTBO 7, KOTOpOe C G0b- 
HIOH UYBCTBHTEbHOCTbIO pearMpyeT Ha H3Me€HEHHE YHCa OOOPOTOB TYPOHUHBI. 
[lonydaa OT MaATHHKAa HeOObUIHe UMMYJIbChI, H3MepHeMbIe TPaMMaMH, pery- 
JAATOP YBeHYMBaeT HX C MOMOLIbIO THApaBJIH4eCKUX YCHJIHTeIeH Z3O0M0THH- 
KOB / 4 CepBoMOTOpOB 3 xu 4 HHOra WO COTeH TOHH, 4TOGbI NepeABHHYTb JIO- 
NaTKH HalpaBAloWlero alnapatTa do wu WONacTu pa6overo koveca 6 TYPOHHBI. 

YCTPOHCTBO, Ha3bIBaeMOe KOMOHHATOPOM 2, oOGecneuHBaeT HEOGXOAHMOE 
B3aHMHOe paCNoOwowKeHHe JOMacTeH padovero KOIeca HM JIOMaTOK Hanpa- 
Bsoulero annapata. Ludpok § o603HayeH BbIKMIOUaTeIb — OOpaTHaA CBHA3b. 
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Ha pue. 11.3 n306pamxena AHaroHalbHaA NOBOPOTHOMONACcTHaA FHApOTyp- 
OHA, KOTOPaA B NMocmeyqHee BPCMA HAXONNT Bce Oombee NpHMeHeHHe. JIo- 
actu / pa6oyero Komeca pacnoJowKeHb! NMOL yrioM HW 3aKpenwJeHbl B KOHH- 
yeckoH Bryke 2. BHYTPH BTYJIKH CBepxXy pacmomoxKeH cepBomMOTOp 3, coO3za- 
JOWMMH YCHMA LWIA MoBopotTa AonacteH. HanpapasrouMh annapat 4 oObMHBIH 
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Puc. I].3. Cxema HaroHasbHOH NMOBOPOTHOMOMACTHOH TYPOHHHI 


UMJHHIpwuecKHH, BOa OT Hero NOABOAMTCA K MOMAaCTAM NO KOHHYeCKON Ka- 
Mepe 5. CIpAMJeCHHbIH NOABOT BOAbI K Komecy O6ecneyHBaeT JYUWAH NpoToy- 
HbIM TpakT MO CpaBHeHHIO C OCeBOH, MOBOPOTHOMOMAaCTHOH TyPOHHOH, TO 
yayumaeT 9HepreTHueckHe NoKa3aTeJH. OTHOCHTeIbHOe yBeIHYeHHe Fropvio- 
BHHbI KaMepbl paOouero KOJIeca, CHM Karollee BPeHble CKOPOCTH, cnoco6cTByeT 
YAYUWIeHHIO KaBHTallMOHHbIX Ka- | | 





uecTB. OTBOJHTCA Boa 10 O6pr"- = —==— 3 4 § | ws 

HOH oTcacbiBaiolleh Tpy6e 6. ~ 4 Lae 
CxemMa rOpH30HTaIbHOrO Kall- | —— 4 ~ 

CyJIbHOrO arperaTta us06paxkena 7 wh 

Ha puc. 11.4. Takue arperarni 1 

MpHMeHAIOTCA JJIh HH3KHX Halio- 2 F Posy | 

pOB H YCT@aHaBJIMBaIoTCcA B MVJIO- Weg COLL “Yd, 

THHe. []pamMoocHbid NOZBOL H OT- 9 


BO], BOJbI OOecNe4nBaeT MpocTyio oe | 
(hopMy YTHApoTexHHYeCcKHX MOJ- Puce. II.4. Cxema ropH30HtaibHoro KalicybHOro 
| 3 rhypoarperata 

BOJIHBIX COOPy2KeHHH. | oe 

B sToH KOHCTpyKWHH BOMa, OOTeKan MeTaJINH4eCKHH KOwKyX | B OCeBOM 
HanpaBeHHH Yvepes KOHHYeCKHH HanpaBJAIOWHH anMapatT 4, NOABOAMTCA 
K KOHCOJIbHOMy paOouemy Kovecy 5 C NOBOPOTHbIMH JIOMaCTAMH HW OTBOAMTCH 
NO MpAMOOCHOHM oTcacbiBaiouleH Tpy6e 6. BHyTpH KOKyXa PacnooRKeH MaJO- 
raGapuTHbih reHepaTop 7 H HEKOTOPble Y3JIbI Ty POWHbI: NOAWMMHHK, Bal, MaCJIO- 
NpHeMHHK, MOABOAAMUH MaCJIO K cepBomMoTopy pa6boyero Koweca. Metannnue- 
CK KOXKYX ONnMpaeTca Ha GeTOHHY!O KamMepy C MOMOLIbIO MaCCHBHOTFO OOTe- 
Kaemoro pe6pa 2 u pe6ep cratTopa 3. | 

OMHCbIBaeMbie KOMMOHOBKH FHApOTypOuH MMeIoT XOpoMine sHEpreTHuecKHe 
nokagaTeiH H oOONanawT OonbmeH NpomycKHOH CMNOCOOHOCTHIO NO cpaBHe- 
HHIO C OObIUHbIMH BEPTHKAbHbIMH TYPOHHAMH, 4TO OOecneunBaeT Mabie rada- 
PHTbI MpOTOUHOTO TpakTa rukpoarperata NO CpaBHeHHIO C BepTHKaAbHOK 
yCTaHOBKOH. a 

Cxema TYpOHHBI paqvabHO-oceBoro THNa, H306paxeHHad Ha puc. I1.5, 
NIpHMeHAeTCA JIA MOBbIIMCHHbIX Hanopos.. KonHcTpyKUHA ee aHavlOrH4na CXeMe 


4 5k 


MOBOPOTHOJONacTHOH TypOunbl. B. orn 


une OT MocweqHeH paOouee . koseco 


paluasbHO-oceBoh TypOHHbI uMeeT Oombluee UHCIO soMacTeH. (14—20 wr.), 


COCHHECHHBIX MexKAy coboH o6oyom. JI 





Puce. 11.5. Cxema pagvambuo-ocenott TYPOHHbI 


B KOHUIe como 6. M3 conma cTpya BOsbI 
KOBINH .KOJIeca 3 H 3acTaBJIneT HX TepeM 


OnaCTH He MOryT NOBOPauyHBaThca, 


-TMO3TOMy KOSPHUHeEHT. NOWe3sHOTO 


JeHCTBHA TakuX TYPOHH HMEECT BBI- 
cokoe 3HaueHHe JIHINb Mp onpe- 
JeJICHHOM P@2%KHME PaOOThl, NpH H3- 
MCHeHHH 2Ke pexKHMA K. TI. A. Typ- 
OHHBI pesKO NamaeT. OHako 3TOT 


THI ‘TYpOHH HMeeT JyUWIMe KaBHTa- 


ILMOHHBbIe CBOMCTBa HW MOKeET ycTaHa- 


_. BIIMBaTbeA JIA paOoTbl B IWIHpPOKOM 


AMana30He HalopoB, B TOM 4HCe H 


- - Ha SHAYHTeEbHO Oolee BbICOKHX Ha- 


nopax, "em -TypOHHbI Cc MoOBoOpoT- 


| HBIMH ‘JIOMaCTAMH. 
...- CyeTema peryJHpOBaHHA 3THX 


TypOuH Oowlee mpocta, Tak KaK y HHX 
OTCyTCTByeT M@XaHH3M MOBOpoTa J0- 


MacTeH padouvero koweca. 


Ha puc. 11.6 us06paxena cxema 


_TOpHSOHTAIbHOH  TYPOWHbI KOBLIO- 
BOrO THNA, IPHMeHAeMOH JIA THApo- 


CTAaHWHK C.601bIIMM HallopoM BObI. 
. Boa NOABOANTCA K Koslecy 110 Ha- 


‘TIOPHOMY TpyOonmpoBosy 5, AMeIOLLEMy 


C 6OJIbINIOH CKOPOCTbIO MOMayaeT Ha 
eulaTpca. Kogeco B KomwKyxe 2 Cc N0- 


MOIbIO Baia { coeqHHeHO c reHepaTopoM. PeryaupoBaHHe pacxoyza BOJH, 
nocTynaroujeh Ha. padouee. KoecO, OCYIIECTBAIAeTCA C MOMOMLbIO -NOABHKHOH 





Puc. I1.6.:Cxema ropu30HtabHon KOBUIOBOH TypOHuHBI 


HTvibt 4, pacNOJIOmKeHHOH B COMJIe, H OTKJIOHHTeIA CTpyH 7, KOTOPbie CBA3aHbI 
C peryATOpOM TyYpOHHE. | ye 

Ha puce. 11.7 us06paxena cxeMa BepTHKalbHOH KOBIIOBOH TypOuHHE. 
Takue Typ6uHbI.B MOcJeqHee BPeMA HaxOJAT Bce Gomee WHPOKOe MpHMeHeHHe 
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- Puc. 11.7. Cxema peprukanbxHoi kKoswoBOm TypO6uHET — 


BCeNCTBHeE OO/IbINeH KOMMaKTHOCTH KOHCTPyKUMH HW BO3MOKHOCTH MOABOLAa 
BOJIbI K KOJIecy Yepe3 OobIUIee KOIHYECTBO CONe, YTO YBEIHYMBaeT Mponyck- 
Hyto cnoco6HocTb Typ6uHbI. Conna /, NOABOAAUIHe BOY, pacnoNOKeHbI BOKPyTF 
pa6ouero Kovieca 2, yCTaHOBJICHHOTO Ha BePpTHKaJbHOM Basly 3. Ban HanpaB- 
JIAeTCH NOAWHIHHKOM 4. TloqBoy BOB K CONMaM OCYIWeECTBAAeTCA “Yepes Tpy- 
6onpoBol-komeKTOp 5. Hay KomecoM ycTaHaBJIHBaeTCA KOKYX TypOHHb! 6. 
K BepxHeMy KOHLLY Balla KpenHTcaA reHepatop 7. 
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2. KOHCTPYKTHBHBIE CXEMbI FHAPOTEHEPATOPOB 


Tugporeneparopbl Mospa3sieiaioTca 0 pacnoomKeHuio Basa TeHepaTopa 
Ha TOPH30HTAIbHbIe H BepTHKaNbHpe [1]. Y Kpynuprx rugzpoTtypOuH, Kak 
IpaBHO, BEPTHKAIbHbIN Bal, NOITOMY H TeHepaTop JIA HUX MpumMeHsAeTCA 
BEPTHKAJIbHbIN, HeEMOCpeACTBeEHHO NMpHCOeCAHHeEHHbIN K Bay TYyPOHHBI. 

BepTukaJIbHble THApOrenepaToOpbl BbINOJHAIOTCA JByX THMOB — moypec- 
Hble HM 30HTHUHbIC, OTHYAIOWMeCH Apyr OT Apyra pacnonoxeHHeM NOANATHHKA 
OTHOCHTeEIbHO poTopa. : | 
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Puc. 11.8. Paspe3 rugporenepatopa moyspecHoro THNa 


TeHepaTopbl mogBecHoro THMa MMeIOT NOANATHHK, PacCIOJIOKeHHbIH Hall 
POTOPOM, Ha BepxXHeH KpecCTOBHHe H OODIUHO Ba HallpaBJIAIOWHX NOAWHN- 
HHKa, H3 KOTOPbIX HHKHHH PacioOOKeH y HHKHeH KPeCTOBHHbI, a BepxXHHu 
y NogNATHHKAa. Y reHepaTopa 30HTHYHOTO THNa NOANATHHK pacnowromwKeH NOL 
PpOTOPOM H OMmHpaeTca AHOO Ha HMKHIOIO KpecTOBHHY, HOO Ha KPbIMWKy Typ- 
OuHbI. KomMuecTBo- HalpaBJAIOWUNX MOAWIMNHHKOB OHH WAH Ba. 

IIpH 30HTHYHOH KOHCTpyKilMH YTeHepaTopa cHHxKaeTCH OOWAaA BBbICOTA 
reHepaTopa, KpoOMe TOTO, HHKHAA KPeCTOBHHa, HMe€A MeHbIWHH WpovleT, 4emM 
BepXHAA KpeCTOBHHa NoyBecHoro reHepaTopa, NoyuaeTcA pH OJWHAKOBOH 
Harpy3ke Oojee merkOoH. Oro CHuKaeT Bec reHepatTopa. 

JIA MOWLHBIX MOBOPOTHOJIONACTHBIX TYPOWH, HMeFOLNIHX Masoe 4YHCO O60- 
potos (n < 75 06/mun), reHepaTop O6bIUHO OobINe NO pas3mMepaM, YMeHbuIe- 
HHe ero Beca H raObapHTOB CYHIECTBEHHO, NOITOMy WeslecooO6pa3sHo NMpHmMeHeHHe 
SOHTHYHOTO reHepaTopa. . : 
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Jia ObICTPOXOMHbIX arperaTOB C OTHOCHTEIbHO GO/IbIIHM UHCJIOM O6OPOTOB 
(n << 150 06/mux), UMeIOUIMX CpaBHUTeAbHO HeOOIbWIMe TadapHTH (WHameTp 
cTatopa 10 m), O6pluHO NpHMeHHAeTCA reHepaTop nmoBecHoro TuNAa. 

Ha puc. 11.8 noka3aH pa3pe3 no reHepaTopy nogpecHoro Tuna. Ocnopunie 
yYacTH reHepatTopa CJleqyloulHe: CTaTOp 5 COCTOHT M3 KOpNMyca HW MaKeTOB TOHKO- 
AUCTOBOFO *%Kelesa H OOMOTKH cTaTopa 6. Kopnyc o6pmHo yKpendaetca Ha 
-byHameute. Potop 3 cOcTOHT M3 KO/bila, HPUKpeNJIeHHOTO CNHIWLaMH 7 K BTy/Ke 
potopa reHepatopa /3, KoTopaa HacawKeHa Ha Ball reHepatopa /4. 

Ha nepudepun KOvIbILa pOTOpa 3aKpelVIAIOTCAH MOMOChI C OGMOTKOH BO3- 
OyxeHun 4. B oOMOTKY Nou0coB oT BO3s6yAuTenaA IO NOABONHTCA TOK BO3- 
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Puc. 1.9. Paspe3 rugporeHepatopa 30HTHUHOrTO THNA 


6yxKTeHHA, oTuero B NomocaxX poTOpa HW *KeNe3sa CTaTOpa OOpasyeTcA MarHHT- 
-HbIK MoTOK. [Ip BpameHHH poTopa reHepaTopa MarHUTHbIe JIMHHM Mepece- 
KaloT BHTKH OOMOTKH CTaTOpa, BCJIeCTBHe Yero B HHX TeHepHpyeTca TOK, 
KOTOPHIM OTBOXHTCA OT cTaTOpa B aleKTpHueckyl0 ceTb. B KpynHbIx renHe- 
paTopax KpoOmMe BO3OyHTeJIA YCTaHaBIHBaeTcA emule H HOABOSOy AUTENE I] 
AIA BOSOyKAeHHA BOSOYAUTEIA. 

Iiata arperara & pacnosomena Ha BepxHef kpecropuHe /2. Ona Bocnpu- 
HHMaeT Ha ceOA Bce OceBbIe Harpy3KH poTopa arperata. Ban reHepatopa /4 
CAYKUT JIA Mepeqauw KpyTALMero MOMeHTAa OT TYPOMHbI K poTopy reHepatopa. 
OH HalpaBsaeTcaA JByMA NomuMnnHKamu / u 9. Tlon poOTOpoM reHepaTopa 
pacnoOJO*KeHbl THAPaBIHYeCKHe TOPpMO3a 2, KOTOPble Nocwe CHATHA HAarpy3Ku 
TOPMO3AT POTOP, YTOOLI OH AOTO He BpalllayicA NO HHEPILUH pH MaJIbIX O60- 
potax, Tak Kak IIpH 9TOM HapyllaeTCA pexKHM CM@3KH TPYyIMHXCA MOBepXHO- 
cTeH natbi. [lata MomeT neperpeTbca HW BEIMTH H3 CTPOR. 

lenepatTop 3OHTHYHHIN MmoKa3aH Ha puce. II.9. Ero ycerpofictBo ananoruyHo 
NOABECHOMY 34 HCKMIOUCHHEM PacNOOKeHHA NATH {, KoTOpaa ycTaHOBIeHa 
MO POTOPOM reHepaTopa Ha HH KHEH KPeCTOBHHE 2 WJIM- Ha OHOpe KPbIlIKH 
TY pOHHHEI. 


55 


Ha puc. [1.10 u306paxeHa cxeMa ropvH30HTaIbHOrO rHuyAporenepatopa. 
Potop reHepatopa /, BbINOJHeHHHIM KaK eMHaH KOHCTPyKUHA C BaJlOM HAH 
HacamKeH Ha Hero, ONMpaeTcCA Ha Ba ONOPHHIX NOAWHNHHKA 2 4 3. OHH U3 
HHX 2 ABJIAeTCA ONOPHO-y MOPHEIM ui BOCIIPHHUMAeT TakKe POPH3OHTAaJIbHbIe 
| Harpy3KH. O6moTkKa poropa 4 
OXBaTbIBaeTCA OOMOTKOH CTaTo- 
pa 0, B KOTOpOH reHepupyetca 

.  SUIEKTPHYeECKHH TOK. Ban reue- 

RSS SSE ay paTopa c nomMompIO dranues 

; HH MY@TbI COCAHHACTCA C Ba- 

JOM TYPOHHbI HJIH Ke Ha KO- 

Hell Bala reHepaTopa Hacaxku- 

BaeTcA padouee — Komeco Typ- 
OHHEI. 

DeHepaTopbl, Kak NpaBHuio, 
BHINOJHAIOTCA nepeMeHHOro 
Tpexda3nHoro Toka. IIpu BriGope 
unCciIa OOopoToB TYypG6HHBI Hu 
| 2 A __ COOTBETCTBEHHO TreHepaTopa He- 

| | o6xomumMo oOecneuHTb NpHHsa- 
Puc. Il. 10. Cxema, ropH30HTaJIbHOrO rumporeneparopa “TYIO B CopeTcKoM Corse ua- 

cToTy mepemeHHoro Toka f[ == 
= 50 eu. Tas ‘3TOrO RomKHA ObITb BbIepKaHa cnexyioiad 3aBHCHMOCTb 
MexKy YHCIOM Nap NOMOCOB reHepaTopa HW YHCAOM. o6opoTos B MHHYTYy 
__ 60f _ 3000 
Pa 
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8. KOMMOHOBKA PHAPOATPETATOB 


KoMMoHOBKH TuypoarperaToB 3aBucaT OT THNa Bceli THApoycTaHoBKy 
[26, 24]. [ugpoarperatni OpipaioT BepTHKasbHbIe H TOPH30HTAJbHBIE. | 

x BE PpTHKAALHX FHApPoOarperatTosB KpynHbix rHpo- 
SNCKTPOCTAHHAH NOXBOA BObI OCyINeCTBIAeTCA, KaK paBH/oO, NO Clupa/IBHOH 
KaMepe B pajlMaJIbHOM HalpaByieHHH K PacnoOXxKeHHOMy B WeHTpe pa6ouemy 
KOJI€Cy, 42 OTBOJHTCH BOa CHH3y KOeCa NO H3OrHyTOH OTCaCbIBalolleh Tpy6e. 
Y BepTHKaMbHbIxX THApoarperaTos renepaTop OGbIMHO pacronaraetca Hal 
TYpOHHOH MH BMeCTe C HEH COCTaBAAeT eHHbIN arperaT. PaG6oyee Komeco Typ- 
OHHEI H pOTOP reHepaTopa 3aKpeN.1AIOTCA HA COOTBETCTBYIOWIHX Balax, 2KeCTKO 
COCJIHHECHHBIX APyr C APYFOM C NOMOUIbIO *biaHUeB H OOTOB. B pepTuKabHoM , 
MNOOWKeCHHH Ball arperaTa yepoKHBaeTCA HalpaBAlOLMMH NOJWIHMHHKaMH: 
TyPpOHHHbIM H TeHepaTOPHHIM. 

Ha puc. II.11 noka3sanp 4 BapHaHTta KOMNOHOBKH ruapoarperaro c ‘pas- 
HbIM PaCNOJIOKeHHeM NOMNATHHKA. | 

1. [uapoarperat c TpeMA NOMMWHNHAKAaMH H TeHepaTOpoM No_BecHoro 
Tuna (pue. II.i1, a). B sro# cxeme noganaTHHK J vw BepxHHii NOLIMANHHK pac- 
NowaraiorTca Hal reHepaTOpoM Ha BepxHeH KpecToBHHe 2. Harpy3Ka or moz- 
NATHHKAa NepeyaeTca wepe3s KpeCTOBHHY Ha CTaTOp reHepaTopa 6 u Janee uepe3 
maxTy TYpOHHbI H cTaTOp 7 Ha *yHAaMeHT ycTaHOBKH. Ha HuxKHEH KpecrTo- 
BHHe 3 yCTaHaBJMBaeTCA HalpaBIAIOUMH nosumunHux. Mexay BalOoM Typ- 
OHHbI H TeHepaTOPOM ycTaHaBAHBaeTCA NPOMeXKYTOUHbIH Ban. Takue CXeMbI 
HMeIIH B MNpowWWwIOM O6o7pmI0e pacmpoctpanenne, ceHyac Ux npHMeHAIOT 
peqKo. 

2. Tuapoarperat C MBYMH MOUWMNHAKaMH H reHepatopom 30HTHUHOFO 
Tuna (pue. II.11, 6). B sro KoncTpykuHH NOANATHHK HM NoAWHNHNK J pacio- 
naraetea Ha HuxKHel KpecTtoBuHe 3. Harpy3ka OT NOANATHHKAa Nepemaetca 


56 


yepes GeTOHHY!O Waxty cTaTopy TypOHHbI 7 H d@yHAaMeHTy ycTaHOBKH. [lo 
CpaBHeHHlO C NepBOH CXe€MOHM 9Ta KOHCTPyKHHA Oomee KOMIMAKTHA IO BBICOTe, 
B HeH OTCYTCTBYyeT Harpy XeHHad BepXHaa KpecTOBHHa. HuxHAA KpeCcTOBHHAa 
HMeeT MCHbIUMe raGapHThl, YEM BEPXHAA, PHC. IT.11, a. a a TaKOH cxemMe O6bI4HO 

TIPOM@2KYTOUHBI ‘Bal OTCYTCTBYeT. | 
3. PugpoarperaT c JBYMA HOAWIMMHAKaMH HM ONOPHOK NATOH Ha KpbILliKe 
TypOunpr (pue. I1.1, 6)..B stow cxeme BepxHHi NOAUIMNHHK yCTaHaBJIMBaeTcA 
a Ha BepxHel KpecTOBHHe 2, a NOANATHHK J 
a LA : -  OMHpaeTca Ha KOHHYeCKyIO ONOpy KpbilllKu 
Ti \ TypOHHbI 4, KOTOPaA MOHTHPyeTcaA Ha CTa- 
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Puce. IJ.11. BapwHantnt KOMMOHOBKH BePTHKaJIbHbIX THApOarperarTos 


rope TypOuHp 7. Harpy3Ka OT NOANATHHKa MepezaetTcaA yepes STH AeTaH 
(byHJameHTy ycTaHoBKu. Ban TypOvHbI HW reHepaTopa NpHMeHHeTCA eXHHBIM. 
Takaa KOMMOHOBKAa ruypoarperata Nomyunsa B HacToAMee BpeMA WHpOKOe 
mpumMeHenHe. JIOCTOHHCTBOM e€ ABJIAIOTCH CmKaTHIe OCeBbIe raOapHTHI arpe- 
rata. OjHako WcnOjb30BaHHe TaKOH CXeMbI JIMMHTHpyeTcA yCJOBHAMH 


57 


OOc/IyKHBaHHA MPH 9JKCIMYAaTalHH, TPpeOYIOWLHMH COOTBETCTBYIOUIHX MpOXOAOB 
K y3amM TypOHHbI H ee waxte. [lostTomy NpH HeOObLINX pasMepax [Ha- 
MeTpa paGouero kKoueca (D, < 4,0+5,0 m™) ocymecTBAeHHe TaKOH KOHCTPyK- 
UHH 3aTPyAHeHO. 

4. Ha cxeme pue. II. 11, 2 noKa3aHa KOMNOHOBKa ruypoarperata, aHavo- 
TH4Haw CXeMe Ha Puc. 11.11, e. IloqnaTHuk arperata J onupaeTca Ha KpbILIKy 
Typ6unp 4. Pa3HHila JIMb B pacnOOKeHHH MaCJIONPHeMHHKa O. B mepBbix 
Tpex cxemax _ MacsonpHeMHNK WIA MowBoa Macjla K CepBOMOTOpy padoyYero 

KoIeca PacilolaraeTcA Haj reHepa- 
TOPOM B 3ale THApOcTaHuHH. 
Ha puc. Il. 11, e mMacaonpuem- 
HHK CMOHTHPOBaH BHYTPH BepxHero 
KOHILa Baia reHepatopa, H NOsSTOMY 
OH He BbICTyNaeT 3a Npesebl reHe- 
paropa. Takaa KOHCTpyKUHA NpHMe- 
HAeCTCA IA OTKPBITLIX THApocTauH- 
IH, He HMeIOWMX MalHHHOPLO 3aa. 
gS Topu3soHTaaAbHbe ru- 
; Apoarper aT bl_ pa3Hblx THNOB 
WIHPOKO MPHMeCHAJIHCb WH MpHMeHA- 
IOTCH JIA OOOpyAOBaHHA HeEOOIbIInX 
rugpoctanuuh. Ha puc. 11.12 u30- 
OpaxKeHbl CXCMbI Pa3JHUHbIX TOpH- 
SOHTA@JIbHBIX ruApoTypOuH. Ha puc. 
| pe 11.12, @ NoKa3aHbI TOPH3OHTaJIbHbie 
> | | oS -TYpOHHbI CO CNHPaNbHbIM NOABOOM 
| | oo Bob! / WH H30rHyYTOH OTCAaCbhIBAarIOlleH 
8) Tpy6oH 2. Koweco nowlepxuBaeTca 
2 J. iz 3 ff} NOJWHNHHKOM 3. Take KOHCTpyk- 
iE) Zee 4 HH MpPHMeHAIOTCA JIA HeOOUIb- 
coe fg  WnHXx FHApOTy pOuH. IaxtTupit (nomy- 
Ta — IIPAMOTOUHBIN) LTHApoarperaT (puc. 
WY; : 7 I].12,6) umeeT renepatop 2, pacnou.io- 
XKCHHBIM B OETOHHOH maxtTe 6. I exe- 
7 paTOp COCJHHEH BaJIOM C KOJIecoM 4. 
Puc. IJ.12. Cxempr ropusontaibHpx rugqpo- 3a KOJIECOM PaCMOJIO%KeH BbIXOLHOH 
TypOuH cTaTop 7 C MOJWHMHUKOM. 
| [lozB07 BosbI OCYIECTBAAETCH M0 
KaHatam J, OMbIBalOluM waxTy reHepaTopa, HW vepe3 HallpaBJAlOUlHt all- 
napat 3 Boa NOABOAHTCA K pa6ouemy Kosecy 4 UH OTBOAHTCA MO NpAMOH 
oTcacbiBarwlehH Tpy6e 5. Taka cxeMa KOMNOHOBKH TOPH3OHTAAbHOTO FHApo- 
arperaTa pacipocTpaHeHHaA He Nowy4nsa. 

Ha puc. I1.12, 6 noka3aH nmpsamoTouHpm arperatT. Boya MoyBoAHTcA NO 
IIPAMOOCHOMY KaHasly H OTBORAUTCA MO MpAMOOCHOH OTCaCHIBaIOlleH Tpy6e 7. 
Pa6ouee Komeco 5 HMeeT MOMACTH, OXBATbIBAeMbIe OOONOM, HA KOTOPOM 3a- 
KpenieH pOTOp reHepaTopa, H Jlamee poTop OxBaTplBaeT cTtaTop 4. MMeroTca 
BXOAHbIe 2 H BHIXOZHbIe 6 ONOPHble peo6pa, NoLepxKuBaroMlne THApoarpera;r. 
Ilepeyx KoNecoM pacnoomeH OceBOH HaNpaBAIOMUH annaparT J. 

B nepBoM H3aHHH MOHOrpaduw NoApoOHO paccMOTpeHbk yKa3aHHble 
CX€MbI rOPHSOHTAMIbHBIX ruipoarperaTos H OTMe¥eHbI HX MpeHMyLecTBa H 
HEOCTAaTKH. 

Iloxpo6Ho mpoaHanu3HpoOBaHa KOHCTPyKUHA ropH30HTambHOrO 1p AMO- 
TOUHOTO THApoarperata c TeHepaTOpOM, PacNOJIOKeHHbIM Ha OOoFe Koveca. 
¥Y 9TOH KOHCTPYKIUHH BCJIEACTBHE CAOMHBIX YIJOTHEHHH WH TPYAHOCTH CoesH- 
HeHHA OO602a c wandow nopopota sonacTeH He ObIIO NOMyYeHO HajexKHOTO 
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pelleHHaA, a Take arperaTbl pacnpocTpaHeHuaA He NoyunsH. Bonee yauHbiMy 
OKa3aIMCb KOHCTPyYKIHH KalicyJIbHbIX THApOarperaToB c reHepaTopoM, pac- 
MOJIOXKEHHHIM B CeliHaJIbHOM KOMYXe-Kalicywle, -OMbIBaeMOH BOZOK. IIpu stom 
BO3MOXKHbI Ba BapHaHTa KOMNOHOBKH — B3aHMHOTO pacnoOOKeHHA TYPOHH 
vu reHepatopa. [lepBblh BapHaHT — Kancysla c reHepaTOpoM, Pacno/O*KeHHbIM 
nepe Ty pPOHHOH B-KOHYCHOH 4acTH BOsOBO,a (cM. puc. IT.4), 4 BTOpoH BapHanT — 
Kalcyla Cc reHepaTOpOM, paciOJIOKeHHbIM 3a PpaOOUHM KOVIECOM B OTCACHIBa- 
roe Tpy6e. UMccreqoBpaHuA nokKa3aiu, YTO pacnonoxwKeHHe OTHOCHTEIbHO 
OOJIbIUOH MO JHaMeTpy KalicyJIbl B OTCACbIBaloWeH TpyOe yxyAllaeT 9HEpPreru- 
yeckHe MoKa3aTeJIW MO CpaBHeHHIO C NepBbIM BapHaHToM. JA yMeHbINeHHA 
pa3MepoB KalicyJIbl 3a cueT Goslee ObICTPOXOAHOrO reHepaTOpa BO3MOMKHO TIpH- 
MeHeHHe MYJIbTHIIHKaTOpa, yCTaHaBJIMBaeMOro Mex ly Ty pOnHOK HM “FeHepa- 
TOPOM, O9HakO Taka cXeMa NosyuaeTca Oomee cOKHON KOHCTpyKUMH 4 
NOSTOMY He MpHMeHAeTCA WIA KPyMHbIX MallIvH. 

IIpH KOMNOHOBKe c ycTaHOBKoi reHepaTopa B ‘KOHYCHOM 4acTH He B Kall- 
cysle, 2 B GETOHHOH KaMmepe B IlaxTe, OMbIBAeMOH TO Gokam Boon (puc. I1.12, 6), 
npoTekaiomei B TypOHHe, THApOoTeXHHYeCKOe COOpyxKeHHe MOyuaeTca Gosee 
CJIOMKHbIM, UCM pH KalicyIbHOM arperate. Han6obuiee pacnpoctTpaneune AA 
TOPH3OHTAIbHEIX YCTAHOBOK MOJIYYHJIH KalcyJIbHble rHApoarperathl c Karicy- 
OH B HanOpHOH uacTH. OHH OKa3aMCb HaeKHbIMH B IKCIIYaTaWHH, HMECIOT 
6ombuy10 (Ha 25—30%) Mo cpaBHeHHIO C BepTHKAJIbHbIMH MpomycKHyto CHo- 
COOHOCTh, YTO OGecneunBaeT TIpH Tex 2%*Ke napametpax rMapocraHitHH MeHbuUIHe 
pasMepbt rHapoarperaros. 


4. KOHCTPYKUMH PAJIMAJIbHO-OCEBbIX THAPOTYPBHH 


PayWaJIbHO-OceBble THAPOTYPOHHbI IPUMeHAIOTCA JIA WIHpOKOTO AHana3onHa 
Hanopos 30—450 m. KoHcTpyKUHH HX 3aBHCAT OT BeJIMUHHDbI Hanopa HW MOILL- 
HOcTH. BeqH4uHa Hanopa onpezeaAet KOHUry paulo NpOTOUHOH WacTH. C yBe- 
JMYeHHEM Hallopa HW MOIHOCTH yBeJHUHBAaIOTCA JeCHCTBYyIOWIHe Harpy3KH Ha 
eTamv Typ6HWH, H OHH CTaHOBATCA Govylee MaCCHBHbIMH HM TOJICTOCTeHHBIMH. 
IIpu 6071buIHx Hanopax rHAPOTY POHHE! OOOpyRyioTCaA NONOAHHTC/IbHBIMH BCIO- 
MOraTeJIbHbIMH YCTPOHCTBAMH — XOJIOCTbIMM BBINyCKaMH H 3aTBOpaMH. 

IIpu yBeIM4eHHH pa3sMepoB AMaMeTpa Koneca. TYpOHHbI yBeH4HBAaIOTCA 
raOapHThl WeTaneH TyPOHHbI, NOSTOMY HX MPpHXOAHTCA NPHMeHATb pa3sbeMHUMH 
Ha HecKOJbKO uacTeH. Ha puc. II.13—I1I.20 npeyxcTaBnenbl pasinMuHbie Bep- 
THKA@JIbHbI€ PpalHaJIbHO-OceBble THIPOTypOHHbI c AHamMeTpoM Kovieca. D, = 
= 2,4+7,5 m jwia Hanopop H = 34+300 m; momwHoctru N = 56 500+ 
+508. 000 Kem. 

Ha pucyHKax NOKa3aHbl JIMMIb TIaBHble y3JIbl H WeTaJlH TYpOHHET, K KOTO- 
PbIM OTHOCATCA: CHUPasIbHaA KaMepa, HalpaBJIAIOWWH annapaT C NPHBOAOM, 
pa6ouee KOeCcO C BaJIOM, HalpaBJIAIOWWHH NOAWANHUK, PyHAaMeHTHbIe YacTH 
H Apyrue y3151. BcnomoraTesbHble MCXAaHH3MbI H KOMMYHHKAallHH, COCTOALIHe 
43 MACJIAHbIX, BOSAYUIHbIX H BOJAHbIX TPYOONMPOBOJOB, M@CXaHH3MOB aBTOMAa- 
THKH, epelaun K BbIKMIOUaTeIIO, H3MEPHTeIbHbIX MPHOOPOB H TOMY TOAOOHbIe 
ycTpoHcTBa, Ha pHCyHKax He NOKa3aHbl, He H300paxkeHb!l Ha HHX H MCXAHH3MbI, 
OTHOCAIIHeCaA K CHCTeMe peryJIHpoBaHHa. 

KOHCTPyKTHBHbI€ CXE€MbI BCe€X BePTHKaJIbHBIX pauambHo- -OCe€BbIX THIpo- 
TYpOHH HJeCHTHUHEI, NOABOA BOAbI K paOGowemMy KOMecy OCYyIMeCcTBIAeTCA CHH- 
pajlbHOH KaMepoH Yepes MHOroONaTOUHbIN HalpaBJIAlOWlMh annapaT. OTBoy 
BOJbI IPOH3BOAMTCA NO NpAMOHM HAH H3OrHyTOH oTCcacbiBalomleH Tpy6e. K Ko- 
Jecy TYPOHHH! C TOMOLLbIO (PIAHIeB IpHCOeCAHHAeTCA BaJl, KOTOPHIH NOW IepxKH- 
BaeTCA B CTPOroO. BEPTHKAJIbHOM MOJIOKeHHH HaNpaBJIAIOWIMM NOAWIMINHHKOM, 
yCTaHOBJICHHLIM Ha KPbIlKe TypOHHBI. Ha Hew 2%Ke ycTaHOBJIeH H MpHBO, Ha- 
npaBJAloulero anmapata C peryJHpy!OWHM KObIOM. [eHepaTop pacnouo*KeH 
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Hal TypOHHOH, ero cTaTOpHadA 4acTb oNHpaetTca H60 Ha OeTOHHy!O WaxtTy, 
AH60 Ha GanouHoe NepekpniTue. Porop arperata COCcTOHT H3 poTopa reHepa- 
TOpa, BaJIOB reHepaTOpHOrO H TypOHHHOTO H paboyero Kovieca. Bce stu Je- 
TaJIH COC,HHEHbI BMeCTe HW ONMpaloTCH Ha NOANATHHK, KOTOPbIM yCTaHaBQJIH- 
BaeTCH Ha. BepxXHeH KpecCTOBHHe reHepaTopa, 1H60 NOANATHUK yCTaHaBAMBaeTCa 
Ha KpbIlIKe TyPOHHHI. 

B 3aBHCHMOCTH OT MapaMeTpOB oTebHBIE Y3JIbI MalIHHbI HECKOJIbKO MOJIH- 
(HUMPYyIOTCA, ONHAKO OOMWaH KOHCTPyKWHOHHAA CXe€Ma BePTHKAaJIbHbIX THAPo- 
TYPOHH 3a NocneqHHe 25 MeT Maso H3MeHHuIacb [42, 43, 46, 47]. Paspurue KoH- 
CTpyYKIHH B OCHOBHOM IJIO NO NYTH COBEPINeCHCTBOBaHHA SKCIWIyaTallHOHHblXx 
CBOHCTB OTJCIbHbIX Y3JIOB H 3IEMCHTOB KOHCTPYKIHH, YNpOUeHHA HX opm, 
YMeHbILeCHHA Beca, IPHMeHeHHA GOoviee NeLleBEIX MaTepHaJioB, yayqueHus TeX- 
HOJOTrHYeCKHX Ka4eCTB KOHCTPyKIUHH. , 

PaccMOTpHM KOHCTPyKWHH HeCKOJbKHX XapaKkTepHbIX TypOHH. 

Ha puc. [1.13 noka3aHa KOHCTpyKUHA BeEpTHKaJIbHOH palWasibHO-oceBoHr 
TYpOHHbI MomHOCTbIO N = 12 800 xem npu Hanope H = 60 m™ c quamMeTpomM 
pa6ouero Koneca D, = 1,75, co3qaHHaa Ha JIMS B 30-x rr. CnupampHan 
KamMepa / 3aJ1uTa B 6eToH B HHKHeH YacTH JO TOpH3OHTaIbHOH OCH. Cnupasb- 
Haw KaMepa IIpHcoeqMHeHa K CTaTOpy TypOuHb 2, Ha KOTOPOM CMOHTHpoBaH 
HanpaBJAIOMHh annapaT 3, cocrosujHh Ws 24 HanpaBJAIOWMX JOMaFOK, MOBO- 
PadHBaIoWHXCA C NMOMOLMLbIO peryJIMpylomlero KOJIbILA ABYMA CepBOMOTOpaMH JY, 
YCTaHOBJICHHBIMA Ha WOKOuIe MO. <pyHaMenta.. - -.. 

B aToH KOHCTPyKUMH ,HalpaBJAIOWMnK NOW IHAK 4 BBINOIHeH C BKJIaIbI- 
LUCM, 3aJIHTBIM 6a66uTom:? CmasKa TOwMMnHAKA ocyilecrBraeTcsa MaCJIOM 10 
3aMKHyTOH cxeme. M3 BepxHero. MacJIAHOTO ‘Resepayapa 5) Macao mocrynaer 

ITBeTCTBYyIONIHe 
CMa304UHble KaHaBKH, H nanee B BaHHy 7. Orryna MacJIO HacocoM 6, HMer0luM 
NPHBOA OT Bala, NOMHMMaeTCA B BEpXHMM MaCJAHbIM pesepByap. lon HWKHeH 
BaHHOH MOAMIMNHHKa Ha BaJly pacnOaraeTca yJIHTKa, 8, npewqoxpansomanr 
OT IIPOHHKHOBeHHA BOLI B MOMOCTb Ha TYPOHHOH. Llepea CHM pasbio Ty pOHHBI 
Ha Tpy6onposBoje ycTaHoBvien AHCKOBLIN 3aTBOp 12, KOTOpbI HMeeT MpPHBOL 
B Bue MyHKepHoro cepBomoropa 1/, CMOHTHPORAHHOLO Ha Kopityce 3aTBopa. 
IipH 3akpbITOM nMooKeHHH AHCKa Mpekpaltaetca MOcryNM Bomb kK Hampas- 
AAtOuleMy alnapaty ‘Typ6unp. Y tTypOvH mMpexycmoTpeH Takxe xosocTOH 
BbINycK /3 c KjianaHOM /4, KOTOpHIM B npowecce peryAHPOBaHHA Tp OLICTpOM 
3AKPbITHH HanpaBJAollero almapaTa MOKeT MepemellaTbcA BBepX H OTKPbI- 
BaTb IIpOxO JIA BOJbI MHMO TYPOHHLI H MpeAOTBPallaTb TEM CAaMBbIM BOS- 
MOXKHOCTb MOBDILICHHA aBJIeHHA B TpyO6onpoBorze nepey .TypOHHOH. 

Ha puc. [1.14 u306paxen pa3pe3 cOBpeMeHHOH KpynHOH payvasabHo- 
oceBOH THApOTypOHHb!.c AHaMeTpom pa6ouero Komeca D, = 6,0 m KoNcTpyk- 
uHH XTIS3. lip. xanope H = 34 m 9Ta TypOuHa pa3sBHBaeT MOWLHOCTh N = 

= 85 000 xem. Dra KOHCTPYKUUA XapaKkTepHa JIA. HH3KOHANOpHbIX padaJIbHO- 
OceBbIX TypOHH. CnupaibHad %KeNes06eTOHHaA Kamepa J MMeeT TpaneleH- 
aJbHyt0 (opMy, yroul OxBaTa ee B MwiaHe 270°. [loronoK H KoHyc KaMmepbi 00- 
JIMMOBaH CTaJIbHBIMH JIMCTaMH. CraTop 2.BbIMOJIHeH H3 IWeCTH YacTeH H IpeuCTaB- 
AaeT COOOH KOAbIeBYIO JeTab, COCTOAMLYIO H3 BepxXHero H HHXKHEFO NOACOB, 
H 12 pe6ep o6TeKaemon dopMbI, KOTOPhle IPHBapHBaloTcA K KQOMOHHAaM. Ceepxy 
K cTaTOpy lIpHcoequHeHa KpbllliKa TypOHHbI 3. Kppmika TypOHHbI H3 YeTEIpeX 
yacTeH CBapHad, BbINOJIHeHa 3a02HO C BePXHHM KOVJIbIIOM HalipaBsAlolero all- 
napata. Ona xe ABJAeTCA ONOPOH NoANATHHKAa. B KpbpiiliKe HMe1lwoTcA 24 OT- 
BepCTHA, B KOTOPHIX YCTAHOBJICHbI MOAUIMNHHKH H HalmpaBJAoOlive JOnaTKH 4. 
Kaxklaad HalpaBalolad JOomaTKa HMeeT HH KHIOIO HW BepXxHio1w nandp. Hwx- 
HAA Wanda ycTaHOBJieHa B HH2KHEM KOJIbIe HallpaBsalollero annapata 22, 
a BepXHAA — B NMOMIMMMHHKaX KPbIWIKH.TypOHHHI. Ha BepxHeu lance 3aKJIH- 
HeH pbluar 5, KOTOPbIM C MOMOIHNbIO Cepbru 6 WapHHPHO COeAHHEH C peryHpylo- 


61 





IMM KOJIbILOM 7 H3 AByX NOJIOBHH, YCTaHOBJICHHbIM Ha BepXxy KPbILUKH TypOHHBI. 
B MexaHH3Me NOBOpOTa BTYJIKH H3FOTOBJICHbI H3 KanpOHa C BKJIIOUeCHHeEM rpa- 
(bHTa. DTO NO3ZBOJHIO OTKAZATHCA OT CMellHaJIbHOH CMa3KH 3THX MCXAHH3MOB. 
Buarojapa peryJHpyiouleMy KOJIbILy BCe HallpaBJIAIOUlHe JIONATKH CBA3aHbI 
B eHHy!lO KHHeMaTH¥eCKy!O CXe€My H MOFyT OJHOBPeMeHHO NOBOPayHBaTHcA 
IIpH mepeMelleHHH perysupyloulero KOJIbWa. Perysupyrtomsee KOJIbILO CBA3aHO 
C JBYMA MaCJIAHBIMH TOPOBbIMH CepBOMOTOpaMH JO, KOTOphie Co3sqaioT HeEOOxo- 
XMMbIe YCAOBHS JIA MOBOPOTa MOMNAaTOK HanpaB/iAlomlero amnapatTa. Topospie 
Ce€pBOMOTOPbI HanpaBJAloMlero annapata AHametTpom 500 mm cocTOAT H3 MIyH- 
*Kepa, 3akpenJieHHOrO OOJITAaMH Ha KPbillKe TYPOHHbI, H ABYX KOPMYyCOB C yn- 
JIOTHEHHAMH IvlyHKepa, yKpenJIeHHbIxX Ha peryJIHpylomlem Kobe 9. JlonaTKH, 
MOBOpauyHBaACh BOKPYF CBOHRX Wand, yYMeHbIUaIOT HIM YBeJIMYHBaIOT paccToa- 
HHe Mexky COGOH HW TEM CaMbIM H3MEHAIOT OTKPHITHE HanpaBAloulero annapata 
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Puc. IJ.14. Paspes pajvanbxo-ocesoii TYPOHHEI Cc AHamMeTpOM pa6ouero koO- 
aeca D, = 60 m, MoujHocTbio N = 85 000 xem mpu Hanope H =34 mu 


JIA IIpOTeKaHHA BOJbI Yepe3s TypOuHy. Macio K WHAHHApaM CepBOMOTOPOB 
MOMAeTCA OT 30JIOTHHKAa peryaTopa no Tpy6onposogam. Jaa cormacoBaHHus 
NepeMelleHHH MOPWIHA CeEpBOMOTOPa C 30JIOTHHKOM peryJATopa Cy KUT OOparT-. 
Haa CBA3b C BbIKMIOUaTeEeM. BHYTPH KPbILIKH TYPOHHbI Ha Diane yeTaHOBJIeH 
Kopniyc HalpaBssaiomero noqmunHHKa J/, BHYTPpH KOTOpOroO pacnoJOKeHbI 
O6pe3HHeHHble CaMOYCTaHaBJIMBalollveca cermMeHTb! mosmunuHHKka /2. Hay 
NOMWHMHAKOM pacmosiox%*KeHO ynuioTHeHHe 1/3. Boja nogaetca no TpyOorpo- 
Bony f5 Twa cCMa3KW NOAWIHNHHKA. | . 

TloqimHnHHK TYPOHHbI NOLepKUBACT B BEPTHKAJIbHOM MOJIOMKEHHH ILeJIbHO- 
KOBaHHbIii Bal TypOuHbI 14, KOTOPHIH C NOMOMbIO Pilanuia H OoToB 17 nmpHcoe- 
JMHeEH K pa6ouemy Koviecy TypOuHbI 1/8. Baa TYpOHHbI BhINOJIHEH CHHbIM JIA 
Bcero arperata. BepxHuh duane npHcoeqHHeH K CTyYNHWe poTopa reHepaTopa. 
B 30He HalpaBJAIoMlero NOAWIHMHHKAa Ball OOJIHIOBAH JIMCTAMH H3 Hep KaBelo- 
meh ctamn. Pa6ouee Koneco c 15 AoMacTAMH COCTONT H3 BepxXHeH KOHHUeCKOK 
CTYMHILbI C (blaHWaMH HW HYKHELO 0604, COCMHHACMBIX Mey CoOOK MpocTpaH- 
CTBEHHbIMH JIOMaCTAMH Kovleca. STH OTICJIbHbIe AeTaJIH CBAPHBaloTcA Ha 3aBOLe. 
Ilo yc1OBHAM TpaHCHOpTHpOBKH paboune Kovleca BHINOJIHAIOTCA H3 AByX “acted, 
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KOTOpble COCAHHAIOTCA Ha MOHTaxKe. Hu KHHH 0607 COeAMHEH CBapKOH HH Gou- 
TaMH. Jia ayuniero O6TeKaHHA CHH3y K paOouemy kKovecy npHcoeqHHsAeTCcA 
KouHyc 16. | | | | | : 

Ha pepxHeM H HHKHeEM O6OMax KOseca pacnosO*KeHbl KOMbIa, CO3MalOULHe 
WleleBble YNOTHEHHA 19 u 20, KOTOPble YMeCHbINaIOT MPOTeCYKH BOJbI MHMO KO- 
neca. HuokHui 0604 Koseca BpallaeTca B WHIHHApHueckoH Kamepe 6, co3yjaBae- 
MOH BHYTpeHHeH NOBePXHOCTbIO PyYHAaMeHTHOrO KONbIa 2/, KOTOPOe coedH- 
HEHO CO CTaTOpOM TyYpOHHb!. CHapyXKH 9TH KOJIbUa 3aHTHI GeTOHOM. Jia npo- 
xoa B WwWaxTy TypOHHbI NpexkycMoTpeHa NMomagka 24 C COOTBETCTBYIOLNLHMH 
JIeCTHHILaMH. Ha Kpbilike TYPOHHbI yCTaHOBJeH BO3SAYIWHbIN KilanaH 23 Jas 
CpbiBa BakyyMa y paOoyero Kovleca, KOTOPbIH MOKeT NOABHTbCA IPH cOpoce 
Harpy3KH C Typ6HHbI BO BpeMaA Npowecca peryJIMpoBaHHaA. 

Ha puc. [I.15 n306pa2xeH pa3pe3 BepTHKaIbHOHW palWasbHO-OCceBOH THApo- 
TYPOHHbI (KoHcTpykuua JIM3) Ha Gomee BEICOKHK Hanop H — 122 m, Auamertp 
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Pue. 11.15. Paspe3 paguanbHo-oceBow TYPOHHbI c AHamMerpom kKoyleca D, = 
== 4,1 m, momjHoctbio N = 127 000 xem npu Hanope H = 122 m 


Koeca TypOuHEI D, = 4,1 m, MomuHoctb N = 127 000 xem. KonctpykuHa 
3TOH TYPOHWHEI OTIMUaeTCA OT paCCMOTPeHHOH BbIILe. CuupadibHaa KaMepa 
3fecb / MeTasluMuecKand CBapHas C yIvioM OxBaTa 345°. J[MameTp BepxHero ce- 
ueHHaA 4170 um. Tonia AMCTOB KaMepbl H3Mepsetca 32—38 mau, PyHTaMeHtT- 
Hble YaCTH COCTOAT H3 cTaTOpa 2 H (byHAaMeHTHOrO Kouba. 3. CraTop CBapHo- 
JHTOH COCTOHT H3 4eTLIPex YacTeH. O6obA H KOJIOHHHI JHTbIC, CBAPCHHbIe B eH- 
Hy!lO KOHCTpykiHio. K HHxKHEMYy TOACY cTaTOpa NpHBapeHa KaMepa pa6ouero 
Komeca. HanpaBasioulwi anmapat c 24-cTaibHbIMH JIOMmaTKaMHv 4, KDpbIiiliKa 
TYPOHHI 5 cBapHasd, HHKHEe KOJIbIO 6 CTasbHOrO MHTbA. T]OcKOCTH KpbILIKH 
H HH2KHErO KOVJIbILa, CMbIBAeMbIe MPOTOUHOH BOZOK, OOJIHIOBaHbI MeTaJIJIOM H3 
Hep KaBelolleH CTasiH. YMVIOTHeEHHe Land HalpaBJIAIOULHX WOMATOK AocTHYraeTcH 
NpH NOMOINH npodHsNpyrwouwHx MaHxeT. IloBOopoT HalpaBAIOWHX JOMaTOK 
NIPOH3BOAHTCA TIpH MOMOHIH JIBYX IIPAMOOCHbIX CJBOCHHbIX CEPBOMOTOPOB 7 AHa- 
MeTpOM 300 mm, YKDPeIVICHHbIX Ha KPbILIKe TYPOHHbI Yepes peryHpyromee 
KOJIbUO, Cepbru HW pbiuara JonaTOK. BTyIKH Me€XaHH3Ma MOBOpPOTa BBINOJIHEHbI 
KalIpOHOBbIMH. CBapHoe peryJivpylomlee KOJIbIO 8 CBOeH HOKKOH C OpoH30- 
BbIMH IWIaHKaMH HallpaBJIHeTCA CIelWHaJIbHOH ONOPOH, BbINOJIHeEHHOH 3a0QHO 
C KPbILIKOH Typ6HHbI. CepBOMOTOpbI HalipaBJIAlollero almapata HMeIOT CTONOp- 
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Hoe YCTpOHCTBO, NOSBOJIAIOULee YTeEpXHBaTb HalpaBAAIOWWH allmapaT B 3a- 
KPbITOM TOJIO2%KCHHH Tp CHATOM JaBsJeHHH MacJia. Pa6ouee koseco /2 1ebHO- 
autoe c 15 nonactamu. Jia ynJIOTHeCHHA MpHMeHeHb! CheiWWaJIbHble Kobua 13 
nu /4 Ha BepxXHeM H HH2KHeM OO0bAX. HanpaBwsiaiouiHi NOAWHNHHK 9 BHINON- 
HeH c 6a66HTOBOH 3aJIHBKOH H CMa3bIBaeTCA FyCTbIM MaCJIOM. YIJOTHEHHA NOL- 
wmHnHHKa JO rpe6enyuatnie. Ban Typ6uHn.// WesbHOKOBaHbIH B BHJe€ TOHKO- 
CT€HHOH CTaAbHOH TPy6bl Cc ABYMA saHwaMu. Onopa NOANATHHKa reHepatTopa 
pacnosiomweHa- Ha KpecTOBHHe reHepatopa. 
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-PayqvadbHo-oceBan Typ6HHa Ha Hanop H = 324 m w306paxeHa’ Ha 
pue. 11.16. Sra TypO6una KoHcTpyKuHH JIM3 uMeeT JHameTp paGouero Kosieca 
D, = 2,45 m 4 pa3BHBaeT. MomHOcTh N.=. 56 500 xem..B qaHHOH-KOHCTPyKILHH 
OTCYTCTByeT Oe€TOHHAA WiaxTa. CnupaibHaa KaMepa 3aHTa B OeTOH JIHUIb 
B HHKHeH 4aCTH.. JO TOPH3OHTAaJIbHOH OCH. —_ _ 

OTJINTad H3 CTak CiMpasibHad KaMepa-5 COCTOHT H3 OTJeJIbHbIX CEKTOPOB, 
CO@¢XHHEHHHIX C MOMOLULbIO Panes H.6O1TOB ApPyr c Apyrom. YroJl oOxBatTa CIH- 
paJIbHOH KaMepbi 360°, ToULHHa CTeHOK KaMepbl 45—32 wm. B CcBapHOH KpbILke 
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TYPOHHbI yCTaHOBJIeH HallpaBJIAlOWHH annapat 4, cOCTOAULHH H3 24 NOBOpOT- 
HbIX JIOMNaTOK H Me€xaHH3Ma oBopoTa. J//Ba cepBomoTopa 2 AHameTpom 450 mm 
yCTaHOBJIeHbI Ha MpHAMBax CIUpaJibHOH KaMepbl. OHH C€pBOMOTOp HMeeT 
cTonoyHoe ycTpokcTso. HanpapialollHH MOAWHNHHK B 9TOH KOHCTPyKUHH 
BbIMOJIH€H C BKJIa{bIIeM, 3aJIMTbIM Oa6OHTOM, OMbIBaeMbIM TYCTbIM MAaCJIOM. 
[pe6eHuaToe ymoTHeHHe MOAWIMNHHKa pacnowoxKeHO Ha Bally Had nNOAWHN- 
HHKOM H TO HWM. Hay NOAWIMNHHKOM pacnoyomweHa KaMepa 3, H3 KOTOpPOH 
OTBOAHTCA MpocayHBarolanca Boa. Pa6ouee Komeco 6 cBapHoe H3 Hep xKa- 
BelouleH cTaH HMeeT 19 AONaTOK. BepXHHH HW HW KHHH OOOAbA paboyero Kovieca 
CHaOXKeHbI YHJIOTHUTCAbHBIMH KOJIbILaMH rpeOeHyuaToro THna. Bas Typ6uHb | 
cBaDHOH KOHCTPYKI[HH, KOBaHOe TeJIO C MOMOLLbIO CBAPKH COeHHEHO C JIMTLIMH 
braxuamu. XapaktTepHoli ocoGeHHOCTHIO 9TOH KOHCTPYKIUHH TYPOHHbI ABJIAIOTCH 
HesaOeTOHHPOBaHHble (PyHWaMeHTHble wacTtw.7 MO paO6ouwM KOVJIeCOM H Ha- 
JM4He J@MOHTAKHOH WaXTbl. DITO NOZ3BOMAeCT OCYIMIECTBJIATb TEMOHTAXK pa6o- 
yero KOWeCa BHH3 6e3 pasOopku reHepatopa H HalipaBssioulero annapata. Jaa 
pas6opKH OTCacbIBalomleH TpyObl MpeMycMOTpeHbl PyHAaMeHTHOe KOAbUO 3 
u dbaanen 9. Typ6uHa cHa6%KeHa WapoBbIM 3aTBOpoM @ 1700 m, uMeIOnLMM 
HPHBOA OT KavaloulHX CEPBOMOTOPOB H XOJIOCTHIM BbINYCKOM 7 600 MM, O6e- 
CNe4uHBalouwHM pomycK Bob 14 m3/cex. Konuueckas wacrp oTcacpiBalollen 
TpyObl H KOJICHO BbITIOJIHCHbI MeTaJJIHYeCKHMH. - 

’ Ha pue. I1.17 uw 11.18 us06paxenb paspes Hu maH paqManpuo- -OceBOH 
rH{poTypOHHbI C WHaMeTpoM pa6ouyero Koneca D, = 5,5 m. Ilpu nanope H = 

== 96 m OHa HMeeT MOuIHOCTh N = 230 000 xem. O6opotnt TypOuHb! 125 B MH- 
dyTy. Typ6una xsroroszena na JIM3 u _ycnellino aKcIMyaTHpyercs Ha Bpart- 
txoh TSC. Koncrpyktupnaa cxeme “g70H TYPOHEEI 

HbIX THApoarperaToB co CHM pasbHbIM™ TIOBOJOM © ‘BOUBI, HMeIOLILHX. ‘reuepatop 
‘ MOABECHOFO THMa, BbITOJIHeHHDIA C NOANATHHKOM, pacOs10x%KeHHLIM Ha BepXHeli 
KPpecTOBHHe. 
, CnupajbHad KamMepa 2 Cc BXOJHbIM HaMeTpom D = 7,0 m BbInOJIHeHa CBap- 
“HOH H3 JMCTOBOH JerHpOBaHHOH cTamH MapkH CXJI-4 nepeMeHHOH TOJULHHDI 
4 cocTouT H3 30 3sBeHbeB. MakcuMaJibHan TONWINHa AKMcTa 32 mM, MHHHMAJIb- 
Had 20 mm. UactTb 3BeHbeB OO/IbUIeTO pasMepa AAA yqOOCTBAa HU TpaHcnopTH- 
POBKH NO »%KeesHOH Jopore BEINOHeHa PagybeMHBIMH 3. AByX yacTeH. Yrou 
OxBaTa cnupasu 345°. Cnupastb BHYTpH NpHBapHBaercA K cTatopy /, KoTOpbIit 
BbINOJHEH CBaPHOJIHTOH KOHCTpyKIMH, COCTOALIeEMy 3 BepXHero MH HHIKHETO 
NOACOB HW MIPHBapeHHbIX K HHM 3JIeKTPOWaKOBOH CBapkon 12 npopusHpoBaH- 
HbIX KOJIOHH. CraTop pa3yejeH Ha 4 "actu. B co6paHHoM Bue ero HaHOOJb- 
mHH AHamMetp 8870 mm u BbICcoTa 2300 mm. Jo 3a1HBKH OeTOHOM. CTaTop 
YCTaHaBJIMBaeTCA Ha KJIMHbAX H by HAaMeHTHbIMH 6osITaMH COCHHHACTCH 
Cc OeTOHOM. 

’ Hanpasasiouni annapat cocrout 13 24 MOBOPOTHBIX gjlonatoK 3, pacno- 
AOXKEHHEIX. Ha WHamMetpe D, = 6400 mm, BhIcOTa HallpaBAsiollero anmapata 
by = 1100 (0,2D,).. Ilosopor HanpaBasiommx. JomaToK ocyulecTBAAeTCA HO 
OObI4HOH CxeMe OT peryupylomero Kouba ¢ Yepes ceppru HW pHluarH. Llandpi 
nOMaTOK HanpaByIAIOTCA AHPHOOJIeBbIMH BTy.1KaMH. HykHee KOJIbIO H BTY/1Ka 
TYpOHHEI cBapHble. , Jit yMeHbINeHHA MpoTewek BOLI Yepes 3aKpbITbIM Hanpa- 
BIAIOWIHH aliiapaT mpeAyCMOTpeHO ciellHalbHoe yIOTHeHHe, COCTOARMee H3 
NpOPWIbHBIX IHYPOB, 3aK/labIBaeMbEX B CHEIHAJIbHbIe Na3bl BAOb Tela J0- 
NaTOK, K KOTOPbIM IIpH2xKHMAIOTCA XBOCTOBbIe ¥aCTH MONaTOK. AHaJIOrHUHble 
YNJIOTHEHHA TIpeyCMOTPpeHbI WH y TOPILOB JOMaTOK. 

PerysHpyloulee KOJIbILO NOBOpauHBaeTCA ABYMA CABOCHHbIMH IIpxAMOOC- 
HbIMH CepBOMOTOpaMH d = 500 mm. Kaabii CBOeCHHBIH CepBOMOTOp 5 mper- 
cTaBAAeT COOOH CHCTeMy H3 ABYX Ce€PpBOMOTOPOB, CBA3AHHBIX OOweH TATOH, 
Ha KOTOPylO C ABYX CTOPOH HajeTbl H 3aKpelJeHbI ABa YYTyHHbIX NOpPWHA, 
NepeMellaloulHvxCd BHYTPpH Kak Oro WHIHHApa. 
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236°000 xem npu 
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OC€BOH T 


Pa3pe3 pagWaJibHO- 


Puc. II.17. 


ypOuHbI ¢ AHamMerpom Kovieca D, = 5,5 m, MowHocrbio NV 
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H= 


Hanope 


OHH 43 CEPBOMOTOPOB HMeeT CTONOPHOE YCTPOHCTBO, NO3SBOMAIOMlee yRep- 
%KUBaTb TYPOHHY B 3aKPbITOM NOJOXRKeEHHH HW WomycKalomlee CHATHE aBeHHA 
MaCJia C CEPBOMOTOPOB, B TO BpeMA Kak CIHpaJibHad KaMepa HaxOJHTcA Noy 
HanlOppM BOJBI. - 

Tara CepBoMOTOpa WapHHpHO CBA3aHAa C MasbileM peryAHpyloulero KOMbIAa 
NOcpeACTBOM TO3yHa. CepBOMOTOpbI yCTaHaBJIMBalOoTCA Ha KPpbIlIKe Typ- 
OuHbI 6 Ha CHeWMaJIbHbIX NIOWaKax. 

Pa6ouee Koseco 7 Tuna PO662 c AHamMeTpoM D = 5,5 m» umeer 14 nomactei. 


IIpu Q; = 860 ero KaBHTalHOHHbIN KoompunHeHT o = 0,083, 4To OG6ecreuH- 
BaeT IIPH MAKCHMaJIbHOH MOILHOCTH BBICOTY OTCachiBaHHA H, =O. Konctpyk- 





Cepbomamep 
oh) 


Pue. 11.18. [lnaH pannanbyo-oceson TypOuHE 


WHA KONeCa CBAPHOJINTaN. OTIeIbHO OTMHBAIOTCA H3 CTaJIH MOMAaCTH, CTyNHa 
H OOO HW CBapHBaloTca MexKLy cO6OH Ha 3aBOJe B CAHHYIO KOHCTPYKUHO 31eK- 
TPOWIAKOBOH CBapkKOH Cc mocmenylomeH TepMuyecKOH OOpaboTKoH. Han6onb- 
WMH JHaMeTp Kosleca 6100 mm, Bhicota 2723 mm. U3 ycnaoBuH BO3MOKHOCTH 
TPpaHCNOPTHpOBKH NO *KesesHoK AOpore pa6ouee KoecO BHINONHEHO H3 JBYX 
yacTeH, KOTOPble COe@AHHAIOTCA MIpH MOHTame Ha TDC. Dro coequnenue ocy- 
WIeCTBIIAeTCA NO crymuue GosTaMH pasmepom IMI60, a no o60ny — cBapKOH. 
Ha BepxHeM H HHKHeEM OOO0fax KOIeCa HMEIOTCHA YIWIOTHHTeIbHbIe KOIbIa & 
C Hape3aHHbIMH B HHX KOJIbILeBhIMH KaHaBKaMH. CHH3y K KOvJIecy KpenHHTCHA 
o6TekaTeb 9, OTcacbiBalollad Tpy6a y TypOHHbI H3O0THyTa Cc rIyOHHOH 3aJio- 
meHHaA L = 2,6D,. | 

Ban Typ6uHp /O0 BbINOJIHAeCTCA CBapHBIM C OTJIHTOH TpyOoH H3 cranmH 20 
rCJI u @aanwamMH u3 kKoBaHow ctanmH 20 TC. Hapy2xKnpi guameTp Bava 
d = 1500 mm, TonujHHa cTeHKH Tpy6pn 150 mm. | 

HanpaBJatrllun NowWHnOHHK J/, PHKCHPyIOIHH BepTHKabHOe NOMOMKeHHE 
Balla TYPOHHbI, BbINOJIHeEH C Pe3HHOBbIM BKJabIWIeM Ha BOXAHOH CMa3ke. 
Bkjajbllil COCTOHT H3 He€CKOJIbKHX CerMeHTOB. Ha WHHHOpHyecKOH NoBepx- 
HOCTH pe3HHbI TIpeAyCMOTpeHb! 16 nponxOdbHbIX KaHaBOK. B BepxHeH BOAAHOH 
BaHHe NOAMWIHNHHKAa NpeyCMOTpeHO AHCKOBOE TOPIeBOe YIJIOTHEHHe, CocTonee 
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M3 KOJIbila Ha BaJly H pe3HHOBOFO KOJIbila Ha BaHHe. Ban TypOHHbI B pafione 
NOMUMMHHKAa OOHWOBaH JIHCTaMH M3 HepxaBetouleH cramH. Bce tpyuyueca 
NOBEPXHOCTH leTasleH THAPOTYPOHH CMa43bIBaIOTCA ABTOMATHYCCKH C MOMOLIbIO 
CTaHWHH rycToH cMa3skH Tuna CAT-100. 

Cuctema peryJIMpoBaHua o6opysoBaHa 93/eKTpOrHaApaBaMuecKHM pery- 
AATOpOM THNa OEP-15 nH MacnoHanopHow ycraHoBKoH Tuna MHY-12,5. 

Hla puc. II.19 u3s06paxen paspe3 MoulHOH paquambHO-oceBolt rHApoTyp- 
OHHbI C JHaMeTpoM Kovieca D, = 4,5, mpw Hanope H = 207 m ona umeer-mout- 
HocTtb N = 290 000 xem. Sta Typ6uHa cnpoeKTupoBaHa Ha XT3 [83]. 

CnupaibyHaa KaMepa / TypOHHbI CMelaHHOH KOHCTpyKWLHH — 43 AHcTOBOL 
CTaH TOMMMHOH 22—26 mm, C 4aCTHYHOH Mepemqayeh Harpy3KH Ha G6eTOH. 
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Puc. 11.19. Paspes paquanbno-oceson TYPOHHEI ¢ WHamerpom Konleca D, = 4,5 mM, MOULHOCTHIO - 
7 N = 290 000 xem mpu nanope H = 207 m | 





Alia sTOrO peycMaTpHBaeTcaA apMaTypa MepHosM4yecKoro npodHiA WHaMet- 
pom 22—25 mum, war crepxHeH 400—500 wu. Cnupanbuan Kamepa paccuH- 
ThIBaeTCA He WpomycK MaKCHMaJIbHOrO pacxona 169 m°/cex u MaKCHMaJIbHOe 
jaBjeHHe 270 m. Cratop 2 ceppomotopa c I2 aonaTkamuv. Hanpapasiouuit 
amnapaT c 24 10NaTKaMH 3 TPeXONOPHbIMH, YCTAHOBJICHHbIMH B NOAWIHMHHKH 
C OPOHSOBbIMH BTYJIKaMH. YHMOTHEHHE HalpaBJIAOWero alnapata B 3aKPbITOM 
NOJOKEHHH OCYUIECTBIAeTCA MeKAY JONaTKaMH TOUHOH MpHroHKOH KPOMOK, 
a NO TOPILaM — C NOMOIIbIO YIIPyrHXx CTAMbHbIX MW1aCTHH, 3AKPeNeHHbIX B KOJIb- 
WeBble Na3bl KPbIMKH TYPOHHbI HW PyHAaMeHTHble Koha. TlopopoT Hanpas- 
JAIOULHX JOMAaTOK OCYMeCTBIAeTCA ABYMA NOPUIHeBbIMH CepBoMOTOpaMH 10, 
yCTAHOBJICHHbIMH B WwaxTe. Kppiuka TypOHHEI 4 OObeAHHEHA C BEPXHHM KOJIb- 
OM HallpaBJIatollero alliapata, a HHdKHee KOJbUO 5 OObEAHHEHO C dbyHWaMeH- 
THbIM. OTH -eTaJIW CBapHble: WebHoe pabouee Koseco 7 CBapHOMHTOe H3 Hep- 
*Kaberoueh craiH; 17 monacTeH KojIeca BCTaBAIOTCA B CKBOSHbIe Ma3bl O60Na 
M BTYJIKH HW NIpHBapHBaloTca K HHM; WIBbI IPH 3TOM NOJyualoTca HapyXHbIMH — 
OCTYNHBIMM ia pa6oTEl. YMIOTHEHHA KOJIeca 6 eneBLIe. : 

Ban & BLINOJHeH B Be CBApHOH KOHCTPyKIHH H3 KOBaHOH oGetahKu u 
JMTHIX dianves. HanpaBaAwwHh NOAWMNHHK 9 cerMeHTHBIM Ha 2KHAKOH Ma- 
CIAHOH CMa3ske, CaMOCMa3biBalolniica. Y TypOHHbI NpexycMaTpuBaerca BITyCK 


BO3AyXa H3 aTMOC(epbi H NOX WaBseHHem. 
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Ha puce. II.20 u II.21 u3s06paxenbi paspes cBepxMomHoro rHyqpoarperata 
C paHaJIbHO-oceBoH TYPOHHOH, HMer1olleH WHamMeTp paOoyero Koneca D, = 
= 7,5 m, cosqaHHoH Ha JIM3. IIpH nanope H = 95 m Typ6uHa pa3BuBaeT 
MoilHacTb N = 508 000 xem. [22,. 107]. 

Typ6uHa HW reHepaTOp 30HTHUHOFO THIa BbITIOJIHeCHbI KAK CAMHDIK arperat 
c OOM BasioM 2, CHu3y Balla KpenuTca pabouee Koneco /. BepxHun dbuanen 
Baia NpHCOe@AHHAeTCA C MOMOLUIbIO OOTOB K CTynHe potopa renepatopa. Iloz- 
NATHUK OMHpaeTca ywepe3 onopy 3 Ha KpbILIKy TypOuHH! J, OObeHHEHHYIO 
C BePXHHM KOJIbIIOM HallpaBJIalowero anmapara. 
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Puce. 11.20. Paspes rugpoarperata MmomHoctbio N = 500 000 Kem npH 
Hanope H = 95 m 


Kppblllika TypOHHbI Yepe3s MACCHBHbIM ABOHHOH cbiaHell Onvpaerca Ha CTa- 
Top 9, K KOTOPOMY MIpHcoeqvHAeTCA CIMpadbHaa KaMepa 6. BaxkHehuIHM y3- 
JIOM TYPOHHbI, ONpeAeAIOULHM SHeEprerTHyecKHe KavecTBa, ABIAETCA pabouwee 
KOneco J. B pes3yabTaTe OOMIHPHbIX HCCeJOBaTeJIbCKHX H MpOeKTHHIX paOoT 
ObIIO CO3,aHO HOBOe pa6ouee KOweco, OTIHYaloWleecH OT paHee IIPHMeCHSAB- 
WHXCA POpMOH HM Npodusiem ONacTeH H MpOTOUHOH UaCTbIO, NOSBOJIMBINUX 


NOYYUTh NpHBeAeHHEI pacxog Q; = 1100+1200 zm/cex Bmecto yocTurHy- 


TLIX PaHee WIA TaKUX ObICTPOXOMHEIX KOsIec Q; = 800+850 mam/cex. TaKas 
MpOMmyCKHaA CMOCOOHOCTb KOJIeca NO3SBOJIHIa MOJYYHTb OOJIbLIy!O MOWIHOCTb 
IipH MameTpe Kovsieca 7,5 m. Pa6owee Kowteco uMeeT 14 AONAaCTeH, OTJIHTHIX 
OTH€JIbHO H NPWBapeHHbIX K BepXHeMy HM HH2xKHemy OOoRaM. JlonacTH kovleca 
OTJHBaIHCh 43 cTtanmH 20I0CJI B KOKHIb HW COCAHHANHCh 3JEKTPOLUIaKOBOH 
cBapKOH C BepXHHM O6070M. HwxHHH O60), 43 NMpoKaTaHHOH yrviepoxHcToK 
CTaJIH COCAHHAJICA C JIOMACTAMH MOJyaBTOMaTH4eCKOH CBapKOH B cpeje yruie- 
KucyIoro rasa. HecmMotpa Ha 6ouburwe TraOapHTHbie pa3sMepbl KOJIeca — WHa- 
Metp 8,65 m H BbicoTa 4,1 m, — OHO NOJHOCTbIO M3roTOBAANOCh Ha JIM3 Hu 
BOAHbIM IyTeM OTIIPaBJIANOCh Ha THApOcTaHHto. 

laa myauieH KaBHTalLMOHHOH CTOMKOCTH 4YaCcTb NOBepXHOCTH JloTIacTeH 
3alllMialach CielWaibHOH KaBHTall[HOHHOCTOHKOH cTalbio. K HeMy CHH3y 
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MIpHCOeAHHAeCTCA YIHHEHHbIM KOHyc /O c OTBepCTHAMH BHH3y HW B BepxHel 
"WaCTH. DTH OTBEPCTHA CO3AalOT WHPKYIAWHIO BOLI, ITO YMeHbIUlaeT HECTAILHO- 
HapHble ABJIeHHA. YunMOTHeEHHe // oO6OAbeB KOMeCa WeNeBOe C KaHaBKaMH. Ha- 
MpaBIAWOWNH annapaT Cc NOBbINeHHOH BbICOTOH by, = 0,2D, cocTouT-H3 24 
HallpaBAAIWUX AONATOK / C ACHMMETPHUHBIM MpOHJIeM BbIMYKJIOCTbIO HapyXy. 
BesMunHa OTKPBITHA HanpaBJAlomlux wonaToK 600 mm. Lana JIOMATKH Ha- 
MpaBAeTCA BTYNKAMH U3 APeBNAACTHKOB, CMa3bIBaeMbIX BOON. YnIOTHEHHE 
ycTaHOBJeHO. Hay, BepxXHeH lWandon. 

YIVJOTHeHHE HampaBAAloulero alnapata OT mpoTeyek NpH OCTaHOBJeHHOH 
TYpOHHe BbINOJHeEHO B BHe PacOHHbIX Pe3HHOBbIX WHYPOB, YCTAHOBIICHHEIX 


B CielHaJIbHble Na3bl HW 3aKpelVJIeCHHbIX MWaHKaMH. n. 
MexaHu3M noBopota sionaToK OObMHBIK. BrysKH wand Kall pOHOBBIe, He 


Tpeo yroutHe CMa3KH. 
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Puc. 11.21. Paspes PanvabHo-oceBoH 4 TypOuuEI C 2HaMerpom kosieca Dy = 7,5 M, MOULHOCTBIO 
= 508 000 xem 





Kppiika Typ6unE 5, perysupyromee KOJbILO UH ONOpPa MATHI CBapeHbi H3 
mpokata. CepBomMoTopb! 4 MOpuiHeBble MpAMOOCHBIe CABOeHHbIe, yCTaHOBJeH- 
Hbie Ha KPbIWKe TyPOHHEI. 

Baal arperata 2 HMeeT HapyXHbIM WHameTp 2,3 m, anny 7,7 m MH TOMUHHY 
cTeHKH 200 mm. Baa BbInOHeH B BHC KOBaHOH TpyObi 43 cTanH 25.0C, cBapen- 
HOH 110 JIHHe H3 AByX uacTeH, H KOBaHbIX :aHweB H3 cTamH 251C, npucoesn- 
HeEHHBIX K Tpy6e dIeEKTPOWLIAKOBOH CBapKOH. 

HanpaBJclomuluh NOAWANHHK 8 c O6pe3HHEHHbIMH BKJablllaMH Ha BOAAHOH 
cmMa3ke. [JoqBo BOAL] K NOAWHNHAKY MpOH3BOAHTCA MO ABYM He3aBHCHMbIM 
Tpy6onpopowzaM AvaMeTpoM 75 mm, CHaOKeHHBIM KOHTpOJHpylomlen H CHrHa- 
JH3Hpyroujeh aBTOMaTHY¥eCKOH allmapaTypoh. YnmoTHeHHe y BOAAHOH BaHHbl 
NOMUHNHHKa WIOcKoe (TOpWeBoe), PesHHOBOe. 

Cratop Typ6uHb 9 cBapHomHTOH u3 ctanH 200CJI cocrout u3 6 uacTen 
o6miuM BecoM 180 m; 12 KOOHH S/IeKTPOLIIaKOBOK CBapKOH NpHcoeAHHeHbI 
K BepXHeMy H HHAKHeMy Tosca. CraTop BOCIpHHMMaeT Harpy3ky OT AaBJeHHA 
BOJIHI, WeHcTBytoulen Ha Clipadb, paBHylo 33-000 m. CnupanbHas KaMepa 6, 
HMeIOulad BXORHOH AMameTp 8,7 m HW raOapuTbl B Mane 22,2 X25,7 m; Hav6o- 
Jiee HallpAKeHHbIe SJICEMCHTbI CIMPaIH Y BXOAHOTO CeYeHHA H3TOTOBJICHBI H3 
CneWHaJbHOH CTaJH C BbICOKOH NPOUHOCTbO, a OCTAJIbHbIe JIHMCTbI — H3 yrvie- 
poxucroh ctamtH. MakcuMaJbHad TOJINHHAa JIMCTOB 30 mM. 


70 


C HanOpHbIM TpyOONpOBOAOM CHHPasb COCAHHACTCA C MOMOLIbIO CBapKH. 
B 30He HahOO/IbIHX HallpAKeHHH y BXOJHOTO CeYeHHA YacTb Harpy3KH Ha 
Ciupadb TepeqaeTca 2xemeso6eToHy. B TaKHxX MecTax OTCYyTCTByeT yupyraa 
NpoKjalKa MexK]y CNHpaJbio H *Kemes0GeTOHOM H ero apMaTypa IIpHBapHBaeTca 
K CTaTOpy. 

Typ6una Kpacuoapcxoh TDC cHa6xkeHa as1eKTpOrHypaBsaAHMyecKHM pery- 
AATOPOM SPP-150 c riaBHbIM 30J1I0THHKOM JHaMeTpoM 150 mm u MaCJIOHanlop- 
HOH ycTaHoBKOoH Tuna MHY-20-2/40 c Kotmamu o6mjHM O6bemMoMmM 20 m® pH 
napneHun 40 xl /cm?. TypOuHa cHa62xKeHa BCNOMOraTeJIbHbIMH KOHTPOJHpylo- 
WWHMH HW CHTHaJH3HpylOUlMMH ycTpolicTBaMH, OG6ecne4uHBalolwlHuMH ee aBTOMATH- 
ueCKMH Myck, paOoTy Ha BCeX peXKUMAaX, a TaK2%Ke HOPMAJIbHYIO H aBapHHHylo 
OCTaHOBKH. 


5. KOHCTPYKUMH BEPTHKAJIBHbIX 
NOBOPOTHOJIONACTHBIX THAPOTYPBHH 


“KOHCTpyKUHH THLIpoTypO6HH C NOBOPOTHbIMH JIOMAaCTAMH Oo/lee CJIOMKHHI, 
4eM PalHaJIbHO-oceBble THAPOTYpOHHbI, TaK KaK B HHX HMeIOTCA YCTPOHCTBA 
AJA nNoBopota sonacteH. [lopopot monacteH pa6ouero Kovleca OCYMIeCTBJIAeTCA 
C MOMOLIbIO CHelMabHOrO KPHBOLWHMNHOrTO WH KYJIMCHOTO MeXaHH3Ma, pac- 
NOJIOHKeHHOTO BHYTPH BTYJIKH paG6ouero KoOseca, TaM Ke OOBIMHO pacrowa- 
raeTcA HW MOpweHb CepBOMOTOpa, CO3Aalomlero HEOOXOAHMBIe YCHIHA An M0- 
Bopota smomactTen. Baarogaps JBOHHOMY peryJIHpOBaHHIO JIOMaTOK Halpas- 
Jsioulero annapata H AoNactTeH pabouero kovleca yCAOMKHACTCH.Tak Ke H CHCTeMa 
pery1MpoBanns ruapotyp6un. Ilo cpaBHeHuHio c paquasbHo- -oceBOH TyPOH- 
HOH B HEH NOABIIACTCA NONOHUTEIbHOe SOOTHHKOBOE YCTPOHCTBO JWIA pery- 
AMPOBaHHA NOkayH MaCJla B CepBOMOTOP paGouero Kosleca .H KOMOHHAaTOpHoe 
YCTPOHCTBO [WIA OCYIeCTBJICHHA COraCOBAHHOFO OTKPHITHA MOMaTOK HanpaB- 
dmsioulero ammapata W womacteH paOouero kKoveca. 

¥CJIOKHEHHA KOHCTPYKILMH 3THX TYPOHH TIO CpaBHeHHIo C TYPOHHAaMH pa- 
HAabHO-OCeBbIMH C JIHXBOH OKynNaloTca OarolapaA ABOHMHOMY peryJIHpoBa- 
HHIO JONOJIHUTebHOH BbIpaooTKon SHeEprHH (xem -4). TypOUHbI C MOBOPOTHBIMH 
JOMAaCTAMH HMeIOT OOvee BLICOKHH K. 1. 0. IPH HCNOMb30BaHHH HH3KHX Hallo- 
poB H OOJIbUIHX paCXOJOB BOJbI; y HHX BCerya HMeeCTCA BOSMO2KHOCTb pa3bema 
KOJIeca Ha COCTaBHble 4WaCTH, H NOSTOMY MOXKHO NPHMeHATH KOJIeca OOJIbUIMX 
pa3sMepoB. BcwleacTBHe STOTO TYPOHHbI C NOBOPOTHBIMH JOMACTAMH MNOWyUHJIH © 
WIMpOKOoe paciipoctpaHeHve BO BCex CTpaHax MIpH COOpy%KeHHH HUSKOHATIOp- 
HbIX THApocTaHuuHn. 

B CCCP umeetca OOJbIMOe KOJHYCCTBO PABHHHHBIX peK C ‘HH3KHMH Hano- 
paMH, NOSTOMY THApOcTaHHH, OOOpywOBaHHbie TypOHHAMH C NOBOPOTHbIMH 
AONACTAMH, NOJYYHIH y Hac OcO6eHHO O6ombuIoe mpHMeHeHHe. Ilo mpousBor- 
CTBy 9THX KPyNHbIX H MOWHBIX THAPOTyYpOHH OTEYeCTBeEHHOe SHEPFOMAIUHHO- 
cTpoOeHHe BbILIO Ha WepBoe MecTo B Mupe [82]. Emme B JOBOeHHBIe TOsbl TYP- 
OHHbI C MOBOPOTHBIMH JiomacTamMH YranuckoH WH PHIOHHCKOHM THApOCTaHWHH Ha 
Bomre, co3qaHHpie Ha JIM3, c QuamMetTpom kovieca D, = 9 m OblvIH CaMbIMH 
KPyNHbIMH TypOHHaMH B MUpe. B nocjeBoeHHble rosbl emule Souee KPyNHble 
TYPOHHbI Ob co3sfqaHbI Ha JIM3 azvia Bommckow TSC um. B. H. Jlenuua u 
BowokckoH TOC um. XXII cpesga KIICC. 

OTH TYpOHHEI c AHameTpom kovieca D, = 9,3 m pasBHBalor MOLJHOCTb 
N = 126 000 xem npu Hanope H = 22,5 m. B nocneqHee Bpema Ha JIM3 uHaro- 
TOBJIAIOTCH elle GOMee MOLLHbIe rHpoTy pOHHEI C NOBOPOTHBIMH JOMaCTAMH WIA 
ToC Jiokepgan-->KenesHpie Bopota Ha JiyHae. JiMvamerp Komeca TypOHH 
D, = 9,5 m, MoujHoctb N = 178 000 xem npu Hanope H = 27,2. 

BesleqcTBHe BbICOKUX 39HepreTH4yeCKHX KaYeCTB TYPOHHEI C MOBOPOTHBIMH 
NOMaCTAMH HX CTPeCMATCA MPHMeHATH AIA BCe Oombuero Hanopa. Pa31MuUHbIe 
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*KeHbI Ha pHc. I].22—I1.27. Ha stux puHcyHKax u306paxKeHbl NOBOPOTHO.IO- 


KOHCTPyKTHBHble CX€MbI THApOTypOHH C NOBOPOTHHIMH ONacTAMH M306pa- 
nacrHble rHApOTypOHHbI Cc AHamMetTpom kKousec D, = 3,6+10,3 m. Momnocrs 


no N 


? 


3,6 


i= 


e 


3,6 “ aia Hanopa H = 20 m, Mou- 


HOcTbIO N = 12500 xem, co3qaHHaa Ha JIM3 B 30-e roan. Bompmoe_Koun- 
WeCTBO THAPOTypOuH, CO3qaHHbie B TOT nepHog B CCCP un 3a rpannnel, uMesH 


mMoutHOcTbIO NV = 125 000 xem npu' Hanope H = 20 a. 
Ha. pwc. 11.22 u306paxena KOHCTpyKIHA THAPOTypOHHbI C MOBOPOTHbIMU 


(biaHibl KOTOPbIX 3a6eCTOHHPOBaHbI B BePXHHH H HH KHHA KONYyCca cnupa/H. 


CHpaJIbHOu KaMepe 6, cTaTop TypOHHEI 5 BHINOJIHeH B BHe OTACbHbIX KOJIOHH, 
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Puce. [1.22. Paspe3 nopoporHononacrHoi Typ6uHEI C WHamMerpom pa6ouero Koueca D 
aHaJOrH4Hy!0 KOHCTpykuHW. Boga noxBoaHTcH K Typ6uHHe nO GeTOHHOH 


JONaCTAMH C WHaMeTpom kovieca D, 


HuokHee KOJIbIO HaNpaBAAloWero annapata 4.3a6eTOHHPOBaHO, OHO COeAHHEHO 
c KaMepoH pa6ouero Kovieca 3, K KaMepe CHH3yY IIpHMbIKaeT PyHaMeHTHOe 
KOJIbLO /. OTH WeTasH OLpaHWH4MBalwT CHH3Y MPOTOUHbIN TpakT TYPOHHHI H Co- 
3aloT KaMepy HeOOXOAHMOH POpMEI, B KOTOPOH pacnosIoKeHO pabouee KOweCO 
TYpOHHbI. OJHH H3 CErMeHTOB KaMepbl.He 3a6eTOHHPOBaH, H HMeeTCA JIIOK WIA 
BbIeMa slOomacTH. CBepxy pacnoox%KeHo BepxHee KOJIbILO HanpaBJAiomero 
annapata / H Kpbillika TypOHHbI 8 c KOHyCOM.*BepxHee KOJIbILO HaANpaBsAloOWlero 
ammapata 3a6eTOHHpoBaHo B IaxTe TypOHHbI. B Hem. pacno.1Io%Keub! NOAWHM- 
HHKH JOMaTOK HanpaBJiaroulero annapata /8. Bepxuee KObIO HanpaBJAloMlero 
alnapatTa HMeeT CiellHaJbHble Npope3H via BbIeMa JIOMaTOK, KOTOpble mepe- 
KPbITHI (~IaHWaMH NOAWMNHHKOB. Ha BepxHeH Lande MonaTOK pacmoJIo%*KeH 
ppruar 17, KOTOPbIH C NOMOLIbIO Cepbru /6 WIapHHPHO CBA3aH C PperyAHPYIOWHM 
KOJIbIOM /5. Peryslupyroulee KOJIbIO C MOMOLIbIO WapHHpoB-H TAL COeAMHAeTCH 
C JBYMA NOPWIHeEBbIMH CepBOMOTOpaMH 14, yCTaHOBJICHHbIMH B WaxTe TypOHHBbI. 
BHYTPH KpBILIKH TYPOHHbI ycTaHOBJieH KOpHyc NOAWHNHHKAa 9c BKAaybiuem 10, 
3aJ1MTbIM OaOOHTOM, CMa3Ka NOAWHNHHKa MaCcjiiaHas. Maco mocrymaeT H3 — 
Bepxneh BaHHbl 12. Tipoiiaa yepe3. MaCJIAHbI€ KAaHaBKH,. OHO CTeKaeT BO Bpa- 
IWalOuWlHHCA MaCJIAHbIN pesepByap 1/3, pacnoOKeHHbIN, Ha-Basly HMKHEFO NOL- 
wunHHKa. 13 MacaaHoro pesepspyapa J3 Maco nocTynaeT HaBepxX C MOMOIILbIO 
‘TpyOok [Tuto 4 Hacoca. CileqOBaTeJIbHO, CMa3Ka NOAWIHNHHKa OCYMeCTBAAETCA 
110 3aMKHYTOH cXxeMe OJHHM H TeM Ke Macuiom. MHorga WIA OXJlaxKAeHHA MaCJia 
B BepxXHeH BaHHe MpeAyCMaTPpHBaeTCA CHeWHAIbHbIN OXNaNTeIbHEIA Tpy6o- 
MmpoBpol. Huxke noquIMnHHKa y Basia pacnojO*KeHbl JaOMPHHTHbIe yIJIOTHE- 
Hua 19, npeqoxpansloujve.oT npoTeyeK BOL K NOWHMHHKY. 

Ban TypO6uH J] c NOMOINbIO PiaHueB coeqHHAeTCA BBepxy. c BaJIOM reHepa- 
TOpa, a BHM3y C KpbIUKOM pa6ouero Koneca 20. lox KpbiumKoH pabowero Kovieca 
PacnOJIO%KeH UHIMHAP CePpBOMOTOPAa, OTAHTIM BMecTe C KOPIMyCOM pa6ouero 
KovIeca 22, BHYTPH WHJIHHIApa pacnomoxeH nopweHb 2/, KOTOPbIK 3aKkpelieH 
Ha wToKke 26. Takoe pacnojoxeHhe CepBomoTopa BO BTyike paOouero Koueca, 
XapakTepHoe Jia KOHCTpyKuHu JIM3 uw pxAya 3arpaHH4HbIx PupM, HavO6ouee 
neyecooOpasHo, Tak Kak OHO OGecneyHBaeT MHHHMAJIbHy10 JWIMHY CHJOBOH 
nepewaa OT NOpwIHA K JIolactaM paGoyero Koseca. IloxBoq Macaa K CepBo- 
MOTOpy pa6ouero kosleca NPOH3BOAHTCA NOTpy6uaTHM WiTaHraM. BHYTPH Bawa. 
Ha BepXHEM KOHTe Bala Ha reHepaTOpoM pacnosoxKeH MacJIONpHeMHHK, 
KOTOPbIH TpyO6oONpoBOJOM CBA3aH C 30JIOTHHKOM paOouero Kouleca. Ha HW2KHeEM 
KObIe WITOKa CepBomMoTOpa paGOouero KOsIeCa yCTaHOBJIeHa KpeCTOBHHa 20, 
KOTOPaav C NOMOLIbIO MPOYMIHHbI HW cepprn 24 coe_HHAeTCA C PblyaraMH, 3aKJIH- 
He€HHbIMH Ha Ilamdax monacteh 23. Kaxkgaa wanda slomacTH HalpaBJaetTca 
ABYMA OpOH3OBbIMH NOAUIMMHHKaMH, yCTaHOBJICHHbIMH B KOpmyce padouero 
Kovleca. CHH3y IpHcoeaqHHAeTCA OOTeKAeMbIH KOHYC 2. 

Ha pue. 11.23 npeycrapnen paspe3 TYpOHHbI AA aHaOrH4HOorO Hanopa 
(H = = 19,0 m) c qHameTpom pa6ouero Koseca D, = 5,0 m, MowHocTbio VN = 

= 29 000 xem. KoucTpykKuua 3TOH TYPOHHEI NpOeKTHPOBalach Ha JIM3 cpa- 
BHHTe/IbHO HeZaBHO, OHa Goviee mpocta. B sto KOHCTpyKIWLHH MMeeTcaA cTaTop /, 
ABJIAIOULMHCA OCTOBOM TYPOHHbI, BepXHee KOJIbUO 2 H KPbILIKa TYPOHHb! 3. 
Kopnyc HanpaBJAIollero NOAWHNHHKa 4 pacnoo%KeH 3HaYHTebHO OH Ke 
K paOoyemy Kovlecy, 4eM B IpeAbAyWleH KOHCTPYKUHH. ITO yAaJlocb JOCTH4b 
OlarovqapA MpPHMeHeHHIO NOAMMNHHKa c OOpe3HHeHHBIMH BKJabliaMH Ha 
BOAAHOH CM43Ke, NOSTOMY OTMasla HEOOXOAHMOCTb B YIVJIOTHCHHH NOAWMNHHKAa 
H ero yal0cb NpHONH3HTb K pabouemy Kouecy /0. Boa 21a CMa3KH NOAWHM- 
HHKa NOJBOAHTCA K BepXHeH BaHHe 5 no TpyOompoBony 6 3 CNHpaJbHOH Ka- 
Mepbi HJIH OT TeXHHYeCKOTO BOZOTMpOBOZa cTaHuHH. HaBepxy BaHHbl BOKpyr 
Bala PACHONOKEHO JeneCTKOBOe yHOTHEHHE 7. Bas Typ6nHbI & HMeeT BHH3Y 
Ppa3sBHTOH duane 9, KOTOPHIM ABJIAeTCA. KPBILIKOH IHJIHHIpa cepBoMoTopa 
pa6ouero Koseca 10. 
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KOHCTPyKUHA MeXaHu3Ma NOBOpOTa JOMacTeH CYyUleECTBeEHHO OTHUaeTCA OT 
npeabiyyueH. OTcyTcTByeT WITOK H KpecTOBHHa. PyHKIHH KpeCTOBHHBI BbINOWI- 
HAeCT CaM NMOpileHb, K KOTOPOMy TIpHKpenweHa mpoymuHa //, coemHyHeHHaAr 
cepbraMH /2 Cc KPHBOUIHNHBIM KOJIbILOM 13, YCTaHOBJICHHbIM Ha lane siona- 
ctH /4. CreloBaTebHO, NOPieHb Ce€pBOMOTOPa HeNMOCpeACTBeHHO COeHHeH 
c mancdaMH JlomacreH. 

BHYyTpeHHAA AOMACTb KOpiyca paOoyero Kovleca /5 ABAAeTCA MOMOCTbIO 
cepBOMOTOpa H HaXOAHTCA NOX AaB/IeHHeM — STO HeOCTATOK KOHCTPyKUHH. 
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Puc. 11.23. Paspes mopopornononactHoh TypOHHbI c AMaMeTpom Koyeca D, = 5,0 m, mor 

HocTbhIO N = 29 000 xem mp Hanope H = 19 m : | 


CHH3y paOouee KOWIeCO 3AKPbITO ONHHM KOHYCOM /6, a He ABYMA, Kak B IIpedbl- 
yuleH KOHCTpyKIUHH. | 


CepBoMOTOp HalipaBsniomero annapata /7 BbINOAHeEH B BHAe CABOCHHOTO 


IIPAMOOCHOTO IWHJIMHApa, yCTaHOBJIeHHOrTO B wWaxTe Ha KDpbIlIKe TyYpOHHHI. 

Ha puc. [1.24 us06paxkeHa KOHCTPyKTHBHaA CXeMa rHApoarperata (PHpMb! 
«Dont» Wasa Hanopa H = 15 m. Jiuamerp paG6ouero Kouleca Typ6nHE! D, = 
= 84 m, mMouHoctbh N = 66 900 xem. | 

B sToH KOHCTpykuHu 12 cBapHbIx KOJIOHH / CTaTOpa, BBepxy MpHBapeH- 
HbIX K (yYHJaMeHTHOMY KOJIbILy 2, KOTOPOe BHYTPH OWMepKuBaeT CBaPHy!O 
KpbIUKYy Typ6uHbI 3. Ha Kkppmiky TypOHHbI ONNpaeTCa NOANATHHK 4 arperata. 
Ban 5 BHH3y HallpaBaeTCH MOMWIMNHHKOM 6, CMa3bIBaeMbIM COJIHJOJIOM, 
BePXHAA WacTbh Balla 7 — HallpaBAAIOWHM NOAWHNHHKOM 8 y reHepatTopa. 
YUepe3s 9TOT NOAWHNHHK Take nWOaeTcH Maco K CepBOMOTOpy pado4ero 
KOvIeca 9, paciONO%*KXeHHOMy BHYTPH CTyNHUbl reHepatopa. JHHHbIK wITOK IO 
nepelaeT ycHHe cepBOMOTOpa 4epe3’ KPHBOLWIHNHbIH MexaHH3mM noBopota I] 
MATH JONacTAM paOoyero Kovieca 12. | 

Takoe pacnouioxweHHe CepBomMoropa y reHepaTopa BaJlv OT pabouero koveca, 
IIPHMC€HACMOE HEKOTOPLIMH HHOCTPaHHbIMM (pPHpMaMH, 110 HallleMy MHeHHIO, 
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HeleecooO6pa3HO, TaK KaK TpeOyeTca IMHHbIM WITOK JIA Mokaun OobUIOro 
YCHIMA OT MOPWIHA CepBoMOTOpa K pbl¥araM sIOMacTeH paGOouero Kovieca, a 
TaKKe NOMYYaeTCA CAOMKHOH KOHCTPYKIHA NOABOMAa MacJia Yepes NOAWHMHUK. 
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Puce. I1.24, Paspes NOBOPOTHONONACTHOH TYPOHHEI c WHaMeTpOM paOouero Koyeca D, = 
== 8,4 m, momHoctbio N = 66 900 xem npu Hanope H= 15 m (upmpr «Poiir») 


Kamepa pa6ouero Koneca /3 H HWKHee KOJbIO HalipaBsAloMero annmapata 
3a0eTOHHpOBaHbl YacTH4HO. Y JIonaToK /4 HalipaBJIAlOWlero allapata HMeIoTCA 
CbeMHble 4acTH 15, KOTOPbIe MO3BOJIAIOT OCYUICCTBIATb HHAMBULYAJIbHbIN Je- 
MOHTAK JIOMATOK. oo | 

Peryupyioulee KOmbIO /6 B C@YeHHH Kpyrvioe, BHYTPH Hero pacnoI0%*KeHw 
KOAbUeBOH cepBpomoTop /7. Jia Ooslee yoOHOrO OOCJlyKHBaHHA TYPOHHEI BO 
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BPeMA SKCIVIyaTalHH B WaxXTe YCTAHOBJICHb! Ba NObeMHbIX Tesbdepa 18, ko- 
TOpbie MOryT MepeMellaTbCA NO pevibcaM. 

Ha puc. 11.25 us06pamken paspe3 TypOMHbI C WHaMeTpOM Koyieca D, = 
= 4,5 m, mMouHocTbio N = 43 000 xem npu Hanope H = 36 m, cupoeKTHpo- 
BaHHOH Ha XTIS. " 

Typ6uHa ycTaHaBJIHBaeTcCA B OeTOHHOH CIHpasibHOH KaMepe TDpamelen- 
WlabHOrO CeYeHHA, C YrIOM OXBaTa 345°. Cratop / OObIMHbIN CBapHOMHTOH H3 
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Puc. I[].25. Paspes nopoporHomonacTHOH rHaApOTypOuHbI c AHaMeTPOM KOsleca D, = 4,5 om, 
mMoutHocTbIO NW = 43 000 xem npH Hanope H = 36 m 


yeTbipex uacteH c 12 KOJIOHHaMH. KaMmepa pa6Ooyero KovIeca 2 cBapHas, H3 
JIMCTOB Hep KaBelouleH cTaJiH. | 

HanpaBasioujn annapat c 24 nonaTKamy 3. Kppmuka Typ6nun 4 cBapHan. 
TIloBopoT HalpaBAAIOINX MOMATOK OCYIIeCTBIAeTCA ABYMA CHBOCHHBIMH MIpa- 
MOOCHbIMH CepBOMOTOpaMH J, yCTAaHOBJICHHbIMH Ha KPbIIUKe TyPOHHHI. 

Tloqmunuuk TypOHHBEI 6 c pe3HHOBbIMH BKJabIHaMH Ha BOAAHOH CMa3Ke. 
Boga nogaetca B pesepByap 7 CNHpaJIbHOH KaMepbl H pesepBHaa — OT Tpy6o- 
MpoBowa TeXHHYeCKHX Hy. CBoeoOpa3Ha KOHCTPpyKHHA padouero kKovieca. 
JlonactH & NOBOpauHBaloTcA OT cepBomMoTOpa JY, pactOJOKeHHOFO BHH3Y KOp- 
nyca Komeca 10. Takoe pacnosjomxeHve CepBOMOTOPa NO3BOJAeT NOJYAHTb MH- 
HHMAaJIbHbIe PaCCTOAHHA OT KONeCa JO HallpaBAAlolmlero NOAWIHMIHHKA. : 

Ha pac. [1.26 noka3aH paspe3 co3qaHHon Ha JIM3 onbiTHo rua poTypOHuHbl | 
aaa arperata Ne 22 Bommckxoh TSC um. XXII cpesga KIICC. 

Typ6uHa uMeeT JuamMeTp Koneca D, = 9,3 m u mpH Hanope H = 22,0 m 
ee mowHocTtb N = 132 000 xem. CrupanbHaa Kamepa, cTaTop TypOHHbl 
c {6 pe6pamu /, BepxHee KOJIbIO HanpaBsatolero alnmapata 2, KaMepa paoo- 
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yero KOvleca /4 OMHAKOBbI C CepHHHOH MallHHOK. HanpaBisatomve JomaTKH 3 
OTMH4AIOTCAH OT CEPHHHbIX TEM, UTO HMEIOCT HYyJICEBOH SKCHEHTPHCHTeT, BCeACT- 
Bue yero THApaBJIHGeCKHH MOMeCHT Ha HanpaBsJiarouleH- WONaTKe MeHCTByeT 
NOCTOAHHO B HallpaBJIeHHH 3akpbiTHa. Kppiuka TypOuHbI 4 HMeeT OPHIHHaJb- 
HylO KOHCTPyKIHiOo, CKOMNOHOBaHHYIO H3 TpeX KOHYCHbIX OOON04eK, H3rOTOB- 
J@HHBIX H3 JIHCTOB TOJMHHOK 26 mm. Ha BepxHut *ulaHell KPbILIKH yCTaHOB- 
JleHa cBapHad onopa 6 nosnatHuka arperata. IloBpopoT 0naToK HanlpaB.ab- 
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Puc. 11.26. Paspes nospoporHononacTHOH rHAPpOTYPOHHEI c AHaMeTpom koneca D, = 9,3 om, 
MHHHMaHbHOH BBICOTH AIA paOoThl pH Hanope H = 22,5 m 


Wlero almapata MpOH3BOAHTCA PeryHPYIOWUM KOJIbILOM, OODEAHHEHHBIM C TO- 
pOBbIM cCepBomMoTopom 5. Kopmyc TopoBoro cepBoMOTOpa —- pa3beMHHIH, 

cocTtouT “3 8 yacTeH, IPHKpenJIeHHbIX K KPbILlIKe TYPOHHHI. : 
Peryaupylomlee KOJIbIO (KOplyc cepBoMoTOpa) ToBOopauvBaeTCH BOKPyr 
KOJIbWeBOrO IIpHIHBa B MaCJIAHOH BaHHe. Pa6oyee KoeCO TypOHHbI HMeeT 
MeHbiee BTyIO04HOe OTHOUeHHe (0,45 D, BMecto 0,5 D, y cepHHHbIxX’ MallIHH). 
Jlonactu // nodble CBapHo-UTbIe HMe1OT Lands 1/2, HaNpaBJIAeMble B rHe3sqax 
BTYAKH WHIHHIpHyYeCKHMH HW KOHHYeCCKHMH POJIMKOBbIMH MOAUWIMMHHKaMH. 
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MexaHu3M NOBOpOTa NOMaCTH OObIUHbIM KPHBOWHMNHIA Yepes KpecToBHHy 13 
OT NOpIuHA cepBomoTopa /0. aBaeHve Mac.Jla B CHCTeMe peryJIHMpOBaHHA HOBBI- 
meHo 20 40 kl /cm? (BMecto 25 KI/cm* y cepHHHbIX MalIHH), 4YTO NO3BOAeT 
CEPBOMOTOP PpaCNOJIOXKUTh HENOCPeACTBeEHHO BO BTyIKe kKosieca. KppmKon 
CepBOMOTOpa CJIyKHT HHKHHH QilaHel Bala. Ban TypOuHbI 8 BHaMeTpoM 
1500 wm mpercTaBaaet co60HK nOJy!o Tpy6y c BHYTpeHHHM AHaMeTpoM 1220 mm, 
K KOTOPOH NIpHBapeHbl JHTbIe Pahl. Basi TypOMHbI COeAHNAeT pabouee KOvIeECO 
HenmocpeCTBeHHO CO cTyMHWeH potopa reHepaTopa 7. Hanpapastomun noz- 





Puc. 11.27. Paspes iloBopoTHOONacTHOH rHApOTYPGHHI c WHaMeTpOM KOseca D, = 
= 10,3 m, momnHoctbio N = 59 300 xem npn Hanope H = 9,7 m 


INHMHUK TYPOHHHI Y OObIUHIH C PC3HHOBHIMH BK Ma bIlIaMH Ha BOAAHOH CMa3Ke. 
IIpupenzeHHpie KOHCTPYKUHH MOULHOH MOBOPOTHOMONAaCTHOH TYPOHHBI BeCbMa 
KOMIaKTHbI, HMEIOT TIpeeJIbHO CKaTHIe OCeBbIe rabapHTl. | 

Ha pue. I1.27 u3s06paxen paspe3 KpynHenweH B MHpe TrHg_ApoTypOuHbI 
C NMOBOPOTHBIMH JIOMaACTAMH, TpeqHa3HayeHHOH Ysa CapatoscKonw [TOC ua 
Boure, cupoekTupoBaHHoH X TIS. Mamerp pa6ouero koveca Typ6uHE! D, = 
= 10,3 m np Hanope H = 9,7 m, MomHocTh N = 59 300 Kem. | 

Typ6nHa ycTaHoBseHa B O€TOHHOH CNHpaabHOH KaMepe TpaneleHjaIbHOrO 
ceueHHA C YIJIOM OXBaTa B MuiaHe 136°. OTcacbiBaloulan Tpy6a TypOHHEI H30- 
rHyTad, CHMMeTPH4HAA B Wahe, BLICOTOH 2,25 D, H AMHHOH 3,780 D,. 

CraTop COCTOHT H3 BePXHero KOVJIbILa, OMAHOBPCMeCHHO ABJIAIOWerOcaA Bepx- 
HHM KOJIbIIOM HallpaBJAloulero amnapata 7, H, WpHcoeqHHeHHbIX K Hemy 16 
CBapHOJIMTHIX TpPOPYJIMPOBaHHbIX KOJIOHH 2. KoJIblla cTaTOpa pa3beMHbIe 
Ha 8 uacTteH. Kaokyan KOJIOHHa BEpXHHM Q(JlaHlleM KpenHTcsa K KOJbILy cTaTopa, 
a HHKHHM ONHpaeTCA Ha NAHTHI B dyHAamMente. Kamepa paOouero Koueca 3 
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CBapHOH KOHCTpykuHH. IIpotouHaa wacTb KaMepbl H3roTOBAeTCH H60 H3 
| JIMCTOB HepKaBelolleuH CTaJI TOMULMHOK 20 mm, 1460 M3 OMMeTAaNNMYeCKHX AHC- 
TOB C IWIaKHPy!OUlHM CJIOCM H3 Hep*KapelowleH cTaJIH TOMMMHOH 3—4 mam. 
Ilo BbicoTe KaMepa COCTOHT H3 AByX YacTelH — WHIHHApHuecKol H KOHH- 
uecKOoH. 

HykHee KOJIbIO 4 HalpaBAloOWero anlapaTa CBapHOH KOHCTpyKUHH H3 
8 uacTtel UMeeT 32 JHTbIX CTakaHa, B KOTOPbIX 3aMpeCCOBaHbl BTYJIKH. 

HanpaBsaioujuiH almapaT. TypOuHbI HMeeT 32 HanpaBJsAIOULHx sOonaTKH 5 
CHMMETPHYHOFO HNpopHsia, KOTOpble ONMpaloTCA Ha TpH ONopH. Bce Tpx onopsi 
NOAWMNHHKA JIMTHO@OsIeBbIe H CMa3bIBaloTCA BOAOH. Yn0THeHHA ycTaHas- 
JIMBalOoTCA Ha BepXHeH BTYJIKOH. 

HampaBsiouve omaTKH B MeCTe CONMPHKOCHOBeHHA Mexky Cobo HMeIOT 
NpopHIbHbIe PeSHHOBble MmpoksaqKH. Takvwe Ke MWpokwdaykKH yCTaHOBJeHbI 
Y TOPueBLIX NWOCKOCTeH JMOnMaTOK. — 

Jf BbIeMa JIOMaTOK BBepX BePXHee KOJbIIO CTaTOpa HMeeT oTBepCcTHA 
COOTBETCTBylolNero Mpomuad. Kppuika TypOHHbI 6 CBapHOH KOHCTpyKILHH 3 
8 uacTeH HMeeT [Be ONOpbI 7 AIA yCTaHOBKH CepBomoropoB. CepBomoropni 8 
HalpaBJAloWero aulmapaTa TOpOBble Cc AHaMeTPOM TtyHxKepa 750 wm. 

CralbHOH MlyHKep KpenuTCca K ONOpe KpbILIKH TYPOMHEI. CranbHol Kop- 
nyc CepBOMOTOpa KpeliHTca K peryJIHpylolleMy KOJIbily 9. CBepxy KpbHUKH 
TYPOMHEI KpenuTca onopa nogznsaTHuKa /O0, cHu3y — KOHyc Typ6uHE //, 
HecyllHH Ha CeOe HalpaBAIOUH nomMMNHHK /2 c O6pesHHeHHBIMM BKJaJbI- 
llaMH, CMa3bIBaeMbIMH BOJOH. YIJOTHeHHe BepXHeH BaHHbI NomWMNHHKa 13 
TOpWeBOe COCTOMT H3 JBYX CTaJIbHbIX H ABYX-Ppe3HHOBbIX KOVIell. 

Baa rypOuHpt /4 cBapHoit cocToHT 43 KOBaHOM OGeuaiKkH cC BepXHMM (plaH- 
eM H IIPHBapeHHbIM HHKHHM JIHTHIM GyaHueM. B 30He HanpaBVIAIoUlero 
NOAWHNHHKAa BaJl OOHUOBaH Hep 2KaBerolleH CTabio. PaGbowee Koseco HMeeT 4 
nonacTH /5 43 HepxKaBelomlel cTaiH u Bryky 1/6. BHyTpH BTyAKH pacnonoxKeH 
ceppomoTop //7, MOpIweHb KOTOpOrO 4epe3 CepbrH CBA3aH C KPHBOLIMMHbIMH 
KObuaMH Wand. [lopwieHb HanpaBJIAeTCA TpeMA WINOHKaMH. B stow KOHCTPyK- 
WMH BHYTPCHHAA MOMOCTh KOPIyca BTYJIKH ABJIAeCTCA MOJOCTbIO CepBOMOTOpa 
H N€pHOAMYeCKH HaXOAMTCH NOX NOAHbIM WaBJIeHHeM MaCJla CHCTeMbl peryJi- 
popaHua. JlomacrH KOmec HMelOoT CbeMHbIe yiJOTHeHHA. Typ6uHa cHa62xKeHa 
ICKTPOrHpaBJIMYeCKHM peryJIATOPOM IKPI-150 u MacaonHanopHon ycTaHoB- 
Koh MHY 25-40. | | 

Ha puc. 11.28 u306paxeH pa3pe3 MOBOpOTHOMOMAaCTHOH rHApoTypOuHbl 
C [HaMeTpom kKoweca D, = 9,5 m, MoutHocTbio N = 178.000 xem npu Hanope 
H = 27,2 m, cupoekTupoBaHHol Ha JIM3. Sta Han6onee MOUIHaA NOBOpOTHO- 
nonacTHad TMApoTypOuHva B MHpe OyeT ycTaHoBsieHa Ha TSC JiKepyan-Kees- 
Hbie BOpota Ha JiyHae. a 

KoncTpyKWHA TYPGHHbI aHaNOrH4yHa XOpOlO 3apeKOMeHJOBaBUIeH ceb6x 
rugpotypOvHe BomxKckHX YTHApocTaHIHH UW ABIAeTCA JaJIbHeMWIHM HX pa3- 
BHTHeM (NOApOOHOe OMHCaHHe KOHCTPyKUHH 3THX TYPOHH CM. B NepBOM H3Ja- 
HHH KHHTH «Il HA pOTypG6HuHBI»). 

Typ6una HW reHepaTop npesctaBaaioT CO6OH eEMHbIM arperaT, yCTaHOBJIeH- 
HbIM Ha OOmwemM dyHAamente. Harpy3kKa OT Beca Bpallalomelica awacTH rHApo- 
arperaTa H OCe€BOrO JaBJICHHA BOAbI WepesaeTca yepes cTyIMILy poTopa reue- 
patopa 9 Ha nognaTHHK JO u fanee yepe3 KOHHUeCKy!IO CBapHyto onopy 1/2 Ha 
KpbIIky TYpOKHBI 4, KOTOpan ONHMpaeTcaA Yepes BepXHee KOJIbILO HanmpaBsA10- 
Wero aliapata 3 Ha cTaTop TypO6uHbI /, 3a6eCTOHHPOBAaHHbIt B KOHYC CnHpadJn. 
CraTop TypOHHbI BbINOJHEH B BHe KOJIbIeBOH JeTaiH C BepXHHM 2 H HHXKHHM 
noaCaMH H OOTeKaeMbIMH peOpaMH, MpHBapeHHbIMH K HHM. 

Ha craTope MOHTHpyeTcaA HallpaBJsioulni annapaT. K HHxKHeMy KOVJIbILy 
CTaTOpa IIPHMbiKae€T HHKHeE KOJIbILO HallpaBJAlomlero annapata 6 u cBapHasn 
KamMepa pa6Oouero xkoseca 7. HanpaBpasiouwai anmapaT cocrouT u3 32 


79: 










onl | IRRIAS 
ee ASS x 
Peer Pr ERS SOs 


w2'lZ =H edouen udu 


wey 000 8ZI = N OMLloonitiow ‘w c‘g = 'q Boarron WOdLOWeHY 9 SHHQdALOdIHI HOHLOBLOLOHLOdosol sodetg ‘9g I] “dud 












nS , _ WY pena 
Hc 


mony! 





ee ean 


NNUIDUOY ZEO00{/ @ 


| 
PS 
fl 

Li 

Sd 











Ml 





0 


ey SPs 
RS 
PS | 


0/7 9/0/00, 
, is 
O/O0/0 YL, 

o 

La OS OA yA 

% 
c/o 0 


POS 


SKS 
PU 
! 

| 
I 

| 

YI 

9° 
ke 

S 


o/O/0/ea 














Le eee ep eee 


——_ 
5 mts Ul) 


(lo 
; 














GOSZLB 7 
WEI 


gh 












bre yey Sor 









6 OK 


a ( oO / . 





81 


6 H. H. Kosanes 


wg9=yH odouen udu wey 009 61 = N OLOOHTION ‘yw | 


. 


| 
| 


eee 
(alia ailhadlatiendlt aikandlt aiihentied 


N 
N 
N 
y 
A] 
{ 
i 
+ 
Ly 
im 


cy 
S  - 


hl , 
a 


a 
r a a 


N 

Wee 

ae fi 
re 


P 





= gq eoorou WOdLeneHY > mMHHQdALOdIHI YOHLOeuOLOHLodoson sadeed ‘67 I] “oHd 


om 


82 


HanpaBAAIOWHX JONaTOK 3, KOTOpble BepxXHeH H HHKHeH tlandaMu Ha- 
NpaBJIAIOTCA NOAWHNHHKAMH,: YCTaHOBJICHHBIMH B KOJIbIaX HallpaBJAIOWero 
annlapata. 

Ha BepxHHH KOHEIL andbl AONAaTKH HajyeBaeTCA H 3aKJIHHHMBaeTCA Cc n0- 
MOULbIO IWNOHOK CTaJIbHOH pbluar, KOTOPbIH C MOMOINbIO Ceper CBA3aH C pery- 
AMpyIOWlHM KONbIOM 14. Peryaupyroujee KOJIbUO CBA3aHO C JBYMA CBOeH- 
HbIMH IIPAMOOCHBIMH CepBOMOTOpaMH 1/3, yCTaHOBJICHHBIMH Ha KDbillIKe Typ- 
O6unbI. JiMamMeTp KaxOTO cepBomoTopa 550 mm. CHH3y KPbIWIKH ykpereH 
KoHyc /6, KOTOpHIa NoAWepxKuBaeT NOMUNNHNK 1/7 c MaCJIAHOH CMa3KoH. Enu- 
Hb BaJl TypOHHbI HW reHepatopa // y nOAWMNHHKa HMeeT YBeJHYeHHBIM Ha- 
MeTp, KOTOPBIM HallpaBJIAeTCA MOAWHOHHKOM. B KOJIbIeBy!IO BbIeMKY yTOJI- 
IlCHHOM YaCTH Balla BXOAHT BHYTPeCHHAA CTCHKa BaHHbl TOMMWKIHHKa. STHM 
oOecneuHBaeTCA HasIHune MaCJIAHOrO pesepByapa H CaMOCMa3Ka NOAWANHHKA. 
Cpepxy BaJl Kpenutca K cTyNHIe poTopa reHepaTopa 9. 

Pa6ouee KONeCO COCTOHT H3 KOpnyca 19, K KOTOPOMy CHH3yY NMpHcoesqHHeH 
o6TeKaeMbIH KOHYC, a CBepxXy KDpbIlIKa ceppomoropa 18. B Kopmyce BMOHTHpO- 
BaHbl aldbl WeCTH NOBOPOTHBIX JONnacTeH 20 Cc KPHBOMIKIHbIMH MexaHi3MaMH 
a WX noBOpoTa. KpHBOMIMNHbIM MexaHH3M KaxXKJOH JIOMaCTH COCTOHT U3 
ppuara, HaweTOro Ha ee andy, H ceppru, Ia pHUPHO COC IHHEHHOH .C Kpecro- 
BHHOH 2/. KpecTOBHHa HajeTa Ha CTaJIbHOM WTOK, KOTOPLIN BBEpXY -Rpecet 
WHeH K nOopmwHio. Cpepxy wWiToKa Npukperlaaliotca mrauru 195, npoxoxsmHe 
BHYTPH Bala K MaCJIONpHeMHHKy 8, pacnosIOKeHHOMy Hay reHepaTopom. [Jo- 
BOPOT JOMAacTeH MpOWCXOAUT NpH nogaye Maca NOX AaBseHHeM “epe3 MaCJIO- 
NpHeMHHK M WITAHTY B COOTBETCTBYIOULYIO NOJOCTh DHAHHpa CepBoMoTopa 
pa6ouero Kosleca. 3a CueT NaBeHHA MaCJla Ha NOpWHe COsaeTEH yCuAHE, C T10- 
MOULbIO KOTOPOrO NOpimieHb ABUraeTcA BBepX HIM BHHS. Tipu zABAKeRMH. nop- 
lleHb Yepe3 WITOK H MCEXaHH3M NOBOPOTAa NOBOPauHBaeT Ha 3aKPbITHE HH OTKPHI- 
THe JlomacTH paOoyero Kovieca. 

IlomumMo nepeuHcsIeHHbIX OCHOBHHIX y3JIOB, Typ6HHAa CHaGKeHa PAJOM BCHO- 
MOraTeJIbHbIX M@XA@HH3MOB H YCTPOHCTB: BOAAHBIM H MaCJIAHbIM Tpy6oripoBe- 
NOM, H3Me€PHTeJbHBIMH HW 3alMTHBIMM yCTpocTBamMu. Koncrpykuua TypOHHbI 
H BCIIOMOTaTeJIbHble YCTPOHCTBa OOeCNe4HBAIOT NOJIHYIO aBTOMAaTH3allHIO yupas- 
eHHA arperaToM. 

Ha puc. [1.29 us06paxeH pa3pe3 NOoBOpoTHOMONacTHOHK ruqporypOuHEI 
C WHamMeTpom Koseca D, = 4,1 m, MomHoctTbio N = 79 500 xem pu Hanope 
H = 68 m. Dra TypOuHa ABJIACTCH HavOoslee BbICOKOHaNOpHOH 43 TyPOHH 
JaHHOro THIIa, cosqaHHoHn B CCCP na XTYS. 

Typ6nHa B OTIMUHE OT paHee PacCCMOTPeHHOH ycTaHOBJIeHa B MeTAJJIH- 
yecKOH CNHpabHOH KaMepe Kpyrsoro ceyeHHA C yrsIOM OxBaTa 345°. O6o- 
NOUuKa CUMpadH CBapHasd H3 CTaJIbHOTO AHCTA TOMMUHOK 22—38 mm IpHBapeHa 
K cTaTOpy O6bI4HOH KOHCTpyKIHH c 12 KONOHHaMH. OrcacbiBalollan Tpy6a 
u30rHyta ray6uHoH 4,7D,. 

KamMepa pa6ouero KoOsieca CBapHand H3 JIHCTOB Hepxaperomeli cTanH cHa6- 
*KeHa OOJIbIUHM KOJIMYECTBOM BeEPTHKAJIbHbIX H TOPH3OHTAJIbHEIX pebep. Ha- 
NpaBlaiouwh annapaT c 24 monaTKaMH OTHOCHTeEABHO HeOO/IbUIOH BBbI- 
coTsl by = 0,385D, wMeeT KOHCTPyKIUHIO C NPHBOJOM OT ABYX MOPLIHEBLIX 
CepBOMOTOpOB (KaxKbIM QHamMeTpom 500 mm), ycTaHOBJIeCHHbIX B WaxTe Typ- 
OHHBI. 

Hanpassiomuyi NOMMANHUK — Ha BOAAHOH cMa3ke C pesHHOBLIMH BKJ1a- 
IbaMH. Pa6oyuee Koeco B CBA3H C OOJIbIIHM HaNOpOM HMeeT OTHOCHTEJIbHO 
O6ObIIOH BHaMeTP BTYJIKH, paBHbIi 0,047D,. Bo Brymke CMOHTHpOBaHO 8 
nomacteH H3 Hep KaBelouleH CTaJIM C KPHBOIIHMHbIM NpHBOAOM OT CepBOMOTOpa, 
pacnoOJIOKeHHOTO HHKe paboyero Koweca. 
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6. KOHCTPYKUHH FOPH30HTAJIDHbIX KAMNICYJIDHBIX rHAPOArPErATOB 


Topv30HTaJIbHbIe KalicyJIbHBIe rHApory pOuHbI NPHMeHAIOTCA Aa o6opy- 
JOBaHHA HA3KOHaNOpHbIxX THApocTaHuuH. 

_ KoxucTrpyKiva TakKHx MalllHH B IpakTHKe rumpory p6ocrpoeHus NOABHAaCb 
B CBA3H Cc paOOTaMH NO CO3qaHHio OOpaTHMbIX THApoarperaTOB TO HCHOJIb- 
30BaHHIO SHEprHH MOPCKHX MNPHAHBoOB. CyleqyeT OTMeTHTb MOAOTBOPHY!O 
pa6oTy MO CO3qaHHiO TOPH30HTaJIbHbIX THApoarperaToB pa3J1H4HbIX KOMIMOHO- 
BOK @upMpl «Helipnuk» (Ppanwua). Tlosquee co3qaHHeM TOpH30HTAJIbHbIX 
rufpoarperaTos Havasu 3aHHMaTbcCA B CCCP 3aspogn XTTS u JIMS. B pesyup- 
TaTe NpoBeqeHHA PasHooOpa3HbiX NPOeKTHHIX H Hay4AbIX HCCeENOBaHHH B 1a60- 
PaTOPHbIX yCMOBHAX H Ha JeHCTBYIOWNX FHAPOCTaHWHAX C HAaTYPHBIMH ycTa- 
HOBKaMH ObIIH HaHJeHbl ONTHMAaJIbHbIcC KOHCTPyYKIUHH TOPH30HTAJIbHbIX Kall- 
CyJIbHBIX TYPOHH. MMu OKasaJIHCb KOHCTPYKIHH C pacioox#*KeHveM reHepatopa 
¢O CTOPOHbI BepxHero Oneda. I[pH ycraHoBKe reHepaTopa 3a KOWIeCOM, B OTCa- 
chiBalolleH Tpy6e, CHHKaeTCH K. 1. A. arperata Ha 1,5—2,5%. 

Bplio TaKKe YCTaHOBJeHO, UTO rHApoarperaThl BCAeACTBHe IlpAMOOCHOTO 
MIpHBOJa H OTBOZA BOJbI H MPOCTOTHI POPMbI NPOTOUHOLO TpakTa pH ycTaHOBKe 
B HA3KOHaNOpHEIX [OC uMeloTca mpeHMylllecTBa neped OOBIHO npHMeHABIIH- 
MHCA.-HOBOPOTHOJIOMAaCTHbIMH THApOTypOHHaMA. 

Tipu oMHaKOBbIX JHaMerpax pabouero Koseca rOpH30HTaJ/IbHasi IIpsiMooc- 
Hada KalicyJibHan ruyporypouHa NO CpaBHeHH!o Cc BepTHKabHON oOu1aaeT 
Gompmel yienbHOH MpomycKHO CnocoOHOCTHIO, NOSBOAIOMeH yBeJM4HTb 
YAeJIbHY!0 MOLWHOCTh HpHMepHO Ha 30%, uMeeT 6OAbMIHe Ha 1,5—2,0% aHa- 
4eCHHA ONTHMAbHOTO K. I. J., IPH 9TOM OTHOCHTeIbHaA 1 WMpHHa typOnnHOro 
6N0Ka B TylaHe MeHbIe npuMepHO Ha 25%. : 

CneloBpaTeibHo, IIpHMeHeHHe rOPpH30HTaJIbHbIX KalICy IbHBIX rupoarpera- 
TOB IIO3BOJ1Ae€T YMCHbINHTS OObEM HU, CJIEAOBATeJIbHO, CTOHMOCTb CTPOHTeCJIbHbIX 
paOoT 10 CpaBHeHHiO C BePpTHKaJIbHbIMH THApoarperatTaMy. 

Tak, HaupuMep, npumenenne rOPHS3OHTaJIbHbIX KallCyIbHbIX rHapoarpera- 
TOB Ha Kuescxoi SC BMecTO OG6BINHEIX BEPTHKaJIbHbIX NOBOPOTHOAONACTHBIX 
rHAPOTYPOWH NO3BOHO YMeHbINHTh CTOHMOCTb cTpoutTembcTBa POC Ha 14%. 
ConocTaBuleHve BepTHKaJIbHbIX H KalICyJIbHBIX rupoarperatos Ha FSC Tlbep- 
BeHuT NoKa3aJi0, YTO NOMyYeHa YKOHOMHA CTOHMOCTH 10 CTPOHTeJIbHOH 4YaCTH 
PSC ua 23%, a no ruzpocHnoBomy O6opysoBaHuIo — Ha 15%. 

Conocrassenne yCTaHOBKH BepTHKaJIbHbIX H KalICyJIbHbIX TOPH3SOHTAJIbHBIX 
rufpoarperatosB mp Hanope 5,5 m, MourHocTbio 9000 u 12 000 Kem c WHaMerT- 
pom pa6ounx Konec D, = 6,1 1 D, = 6,5 m AA THApOocTaHIHH OOWeH MOLI- 
HocTbio 45 000 xem npu 4ucne arperaTOB: BePTHKaJbHbIX 5 HW KaliCyJIbHbIxX 4 
NOKa3a0, YTO NOWYYeHO YMeHbILeHHe CyMMaPHOFO KallWTaJIbHOTO BIOKCHHA 
Ha 16% (15, 52 wu 13,05 MaH. Woms.). | 

K cnenuduyeckum OCOOeCHHOCTAM, 3aTPYAHAIOULHM lpHMeHeHHe rOpH30H- 
TAaJIbHbIX KalCYJIbHbIX arperaTOB, MOXKHO OTHECTH yxXyAWleHHe dIeEKTPpHYeCKHX 
apaMerpoB reHepaTopa 3a CueT YMeHbINeHHA MAXOBbIX M@CC, ITO BbI3bIBaeT 
CHW2KEHHE 3aNacOB YCTOHYMBOCTH ero paOoTbl B 9HeprocucTeme. O70 BbISBaHO 
TeM, 4TO H3 yCOBHH xopomel oOTeKaeMOCTH AHaMeTpaJIbHbI pasmep Kalicy bl 
JOKeH ObITb BO3MOXKHO MeHbUIHM, MOSTOMY YMeHbIUaeTCca WMaMeTpasibHblit 
pa3mMep reHepaTopa H opcupyerca CHCTeMa OX/aKJeCHHA CTO AKTHBHBIX WacTeH. 

B cB#3H CO CAOXKHbIMH YCJIOBHAMH MOHTAKa HW 9KCIAyaTawWl TOPH30HTaJIb- 
HbIX KalCYJIbHBIX arperaTOB TpeOyeTCaA NOBbILeHHe KayecTBa M3rOTOBICHUA 
OTJCJIbHBIX JeTaseH WH UX COOPKH. 

YBenHyeHve CAMHMYHOH. MOLMIHOCTH TOPH30HTAaJIBHBIX KallCyJIbHbIX FHApo- 
arperaToB saTpylHeHO. BeneqcrBHe MaJIbIX HalOpoOB. H HeOOXOAMMOCTH OOuIb- 
IHX PpaCXOJOB BOJb yBeJIHYeHHe Pa3MeEPOB KOHCOJIbHOTO KOJIeca pH TopH- 
30HTA@JIbHOM NOJIOKCHHH Balla BEAeT K YMCHDINeCHHIO HaeKHOCTH KOHCTPyKILHu 
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TYPOHHbI, TAK KaK OHH OOJIbINe NOABeEpKeHbI ACHCTBHIO TOMepeyHbIX CH, KOTO- 
pble MOryT BbI3BaTb BHOpalHOHHble ABJICHHA B arperate. Onopa ropH30HTaub-: 
HbIX MalliHH Oo/lee Harpy2KeHa. K 4HCJTyY KOHCTPYKTHBHbIX HeMOCTaTKOB Kall- 
CYJIbHbIX THApOarperaToB clexyeT OTHECTH HOXy!O AOCTYNHOCTh M€XaHH3MOB, 
pacnOJIOKeHHbIX BHYTPH Kancyabl. Jeranw UW ynwoTHeHHA, TpeOylonlHe 
HaG6JIOAeCHHA HW OOCJYKUBAaHHA, OKAa3bIBaIOTCA JOCTYNMHBIMH TOJIbKO 4epes JIOKH 
B CTCHKe KalICyJIbI NOCe€ OCTAHOBKH MAILIMHbI H OTKAYKH BOI H3 ee IPOTOUHOK 


yacTH. B e0OM rOPpH3OHTaJIbHbIe MallHHbI CJIOKHeEe BEPTHKAJIbHBIX. 
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Puc. 11.30. Opnenruposounbiit rpapukK NpHMeHeHHA TOPH30OHTAaAbHLIX KalcyJib- 
HbIX THApOTypOHH = > 


YUHTHBaA MOBbIMeCHHYIO OTHOCHTeCJIbHY!O BJIaKHOCTb B MOJIOCTH KalcyJIbl, 
JOJXKHbI IPCWbABIATbCA MOBLIMICHHbIe TpeOOBaHHA K H30JIXILHH OOMOTOK reHe- 
paTopa. : : : , 

Ha XTITS3 [62] 6pm mponsBexeH aHaIH3 MOJCIbHEIX H HATYPHBIX HccJe- 
JOBaHHH, pacueTHbIX H KOHCTPYKTOPCKHX pa3pa6oTOK, a TakxKe AHTepaTypHBbIx 
JaHHbIX, KaCaloulHXCH TOPH3OHTAaJIbHBIX KAalICYJIbHbIX THApOarperaTosB, WH Ha 
OCHOBe ero ycTaHOBJeHa NpHMepHas OOJaCTb MX UpHMeHeHHA. Ha puce. [1.30 
moka3aH rpaduk TIPHMeHeHHA TOPH3OHTAJIDHBIX KalICyJIbHbIX THApOarperaros. - 
Ha 9Tom rpaduke B 0rapudMuyecKHX KOOPAHHAaTax NIPHBeAeHbI 3HAYeHHA LWese- 
cooOpa3HbIX JMaMeTPpOB H BO3MOXKHBIX MOMLHOCTeH H OOOPOTOB pH pasany- 
HbIX BeJIH4HHaX Hanopa. BepxHuu npexen Hanopa Obl ycTaHoBsen H = 15m, 
HCXOAA H3 YCOBHM MpOuHOCcTH WONacTeH ObICTPOXOAHOFLO KOJIeca H IIpHMeHeHHA 
BbICOT OTCACLIBAHHA. | a 

IIpu nocrpoeHuu sToro rpaduka 3Hauenna N, D, 4 n onpegxesaAsucb UCXOAA 
H3 CJIELYIOULMX PaCUeETHBIX 3HAYeHHH MpHBeeHHbIX PacxOJOB HM OOOPOTOB: 


Qt min = 2500 +3250 ulcer, Qmax = 2900 +3750 alcex, ny = 175+ 180 06/mun. 
: 85 


KaBHTamHOHHbe Koop pvUveHTL! MpHHHMawHch oO = 1,45+2,4 npw Qrmind 


o = 1,7+3,1 pu Qi maz: ConoctaBuleHHve sTOrO rpabuka c HOMeHKMaTypon 
BePpTHKAaJIBHbIX FHAPOTYPOHH CBHAeCTEMbCTBYeT, ITO NpesebHbIe 3HAYeHHA MOLIL- 
HOCTH lIpH OAHHAKOBLIX Hanopax H AHaMeTpax paOounx Koslec y rOpH3OHTavIb- 
HBIX TYPOHH Bbile Ha 35—45%, 4eM y BEPTHKAaJIbHbIX. 

Ha rpaduKke oTmeyeH Avametp D, = 4 m, Hu>Ke KOTOpOrO MpHMeHeHHe Kall- 
CYJIDHbIX THApoarperaTos OyfeT BbISLIBaATb TPYAHbIH AOCTYN BHYTPb KalicyJbl, 
Tak 4TO HpoBeyzenHe B HEH pa3sOopKH UH COOPKH y3/1I0B H TeM Ooee PeMOHTOB 
HEBO3MO2KHO. 

Ormeyena TakxKe BeJIM4HHa MOWLHOCTH 5D 000 Kem, Tak Kak, BO-MepBbIx, 
reHepaTOpbl TaKOH MOLIHOCTH MOLyT peaJIbHO OCYIIECTBIATbCA B KaricyuJe, 


amy LL | ON = 12 19-14 
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Ela 


ancyAbHEA raypoarperat Kuescxoh TSC 


H, BO-BTOPbIX, J@HHbIe O BOSMOXKHOCTH H3rOTOBJICEHHA H MpOeKTHPOBaHHsA Kan- 
CY JIbHbIX FHApoarperaTosB CBHACTELCTBYIOT O 3ATPYAHEHHAX B CO3aHHH Halex- 
HOH KOHCTPyKILHH THAPOTYpOHH OOJIbIHX pa3sMepoB, B YaCTHOCTH, C KOJIeECOM 
yWMamMetpoM 6ombiue 8 m. Ilostomy AJIn Hanopos cBbiue 8 m ciekyeT MpOH3BO- 
QUTb OFpaHHueHHA MO BO3MOXKHKIM AMaMeTpam. 

Hoke NpHBeeHbl KOHCTPYKILHH TOPH30HTAaJIbHHIX KaNCyAbHHIX rHy{poarpe- 
TaTOB, CO37aHHbIX Aa Kuescxoi u Capatosckon TSC. 

Ha pue. I1.31 noxka3saH pa3pe3 KafcyJIbHoro rHyApoarperata, cO3qaHHOro 
Ha XTIT3 aan Kuescxonh [DC na Jinenpe. Tenepatop co3yzaBasica Ha 3aBojze 
<DiekTpoTaxMaum. [IpH wanope H =7,7 m moumoctb tTyp6uH N = 
= 17200 xem, WuameTp Kkouleca D, = 6,0 m, ckopocTb BpameHHaA na = 
= 85,7 o6/mux. Boabmoe KOMM4eCTBO TaKHX THApoarperaToB JVIHTebHOe 
BPpeMA yCMelwiHO sKciyaTHpyerca Ha rHApoctanwHn. B stom arperate noTOK 
BOJbI, MOCTYMalollvH Yepe3 NOABOAAWLYIO KaMepy, OMbIBaeT Karicysly /, Ipo- 
XONHT Yepes KOHHYeCKHH HanpaBsAIOWHh annapaT /2 u nocTrynaer Ha paGouee 
Kouieco [5. OTBO BOAbI OT TYPOHHbI OCYLIECTBIACTCA TIO NPAMOOCHOH OTCa- 
chiBaloWmleH Tpy6e MpAMOYrOJIbHOrO ceyeHHA, WiHHa 4,5 D,. BHyTpH Kancy Jbl 
pasMeljeH rHporeHepatop 7, Bad arperata C ONOpHbIMH 6 uw J3 UW YNOPHHIMH 5 
NOJUIMNHHKaMH, OXJaxKalomee yCTpOHCTBO rHyzporeHepatTopa 2, MacJlompHem- 
HHK 3 CO WITaHTaMH MH pa3sqH4HOe BCHOMOraTebHOe OOOpyoBaHHe. OnopamH 
KaNCYJIbBI ABJIAIOTCA BOCeEMb peep cTaTopa TypOHHE & HW UleCTh paWaJibHbix 
pactsaxek 4. Cratop Typ6HHbI8 BOCIIPHHHMaeT Harpy3ky OT KpyTALMero MOMeHTAa 
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arperata, ero Beca MH OCeBOrO JaBJICHHA BOAbI H MepegaeT Ha (pyHaamenT TSC. 
CraTop CBapHO-JIHTOH COCcTaBJIeH 43 / YacTeH. HuxKHAA NOMOBHHA CTaTOpa HMeeT 
anbl aA KpenweHva K O€TOHHOMY OCHOBaHHIO *yHAaMeHTHBIMH 6o/TaMH. 
/ipe BepxHHe H Be HHKHHE KOJIOHHDI CTATOPa BbINOJHEHbI MOJIBIMH HW HCMOJIb- 
SYIOTCA JIA IponycKa TpyOOMpOBOAOB CHCTeMbI CMa3KH, BOAAHOrO HM BO3LYII- 
Horo TpyOOMmpoBOAOB. 

Kamepa pa6ouero Kosieca [4 Hi by Hnamenrupte KOJIbILa BbINOJIHEHI JIMTBIMH 
M3 YrAepOAHCTOH CTA C BEPTHKAJIbHbIMH HW TOPH30HTAJIbHbIMM peOpaMu x*KecrT- 
KocTH. BepxHHe HX Y4acTH OTBeMHbIe HesadeTOHHpOBaHHble. BHyTpeHHAA 
NOOCTh KaMepbl paOoyero KOJIeca OGJHWOBaHa JHCTaMH H3 Hep xKaBeroleh 
cTaJH. a 

KoHHYeCKHH HanpaBAAIOuULWA allmapaT COCTOMT H3 HapyXHOrTO HM BHYTPeH- 
- Hero Kove, 24 HanpaBJIAIOWMHX JoMNaTOK /2 ONOpHOrO KONbIUa, perysJUpylo- 
. mWero Koubya 7/7 H NOBOPOTHOTO MexaHH3Ma CO ccbepHuecKHMH WapHupamyu 10, 
 COCMHHAIOMErO JIOMATKH C peLyJIHPYIOWHM KOJIbIIOM. KoHuwuecKkHe sIONaTKH 
. yCTaHOBJeHbI No yrviom 60°, uMeroT mpodub, o6becneaHBalOULH NOTHOe IpH- 
jlerauve Apyr K Apyry B 3aKpbITOoM nowomKenHH. Llancbl 1oMNaTOK HanpaBAoTca 
NOAWMMNHHKOM C JIMTHOOJICEBLIMH BTYJIKaMH. 

IlopopoT HanpaBualollero annapata OCyUeCTBIAeTCA ABYMA NOPWIHeBLIMH 
CepBOMOTOPaMH AHamMeTpom 400 mm c xo0M 1070 um, yCTaHOBJICHHbIMH BepTH- 
KaJIbHO. OHH CeEpBOMOTOP CHaGKeH CTANOPHbIM YCTPOHCTBOM, YJepxXHBaIOWLHM 
HalpaBIAlOulwH anmapaT B 3aKpbITOM MOJOKeHHH TPH CHATHH aBseHHA 
Maca B CHcTeMe peryHpOBaHHAa. PaOouee KOeCO HMeeT YeThIPe MOBOPOTHBIe 
nonacTH H3 Hep2xKaBelomleH CTasIH, YCTAHOBJICEHHbIe BO BTYJIKe, AuaMeTp KOTO- 
pot 0,35 D,. Tlopopot onmacteti ocylecTBAeTCA OT TOpulHa. 16, coexuue! 
NpOyWHHaMH HW CepbraMH C KPpHBOWHNaMi wonacTted. B 2aHHOH KOHCTP YKUHH 
MpelyCMOTpeHa BO3MOXHOCTb NOBOpOTa JOMacTeH Did yCTaHOBKH C OTPHIla- 
TCbHBIMH YIaMH JIA TOPMOXKeHHA arperaTa MpH pa3roHHbIx O6opoTax. 
. Tloqpog Maca K CepBOMOTOpy pa6ouero Kouleca OCyINeCcTBAAeTCA Yepe3s MaCJIO- 
IIPHeMHHK 3, YCTAHOBJICHHbIH Ha TOple Bala Y YNOPHOTO NOAMHNHHKAa, CreBa 
OT reHepaTopa. OT MaCAONPHeMHHKa MaCJIO Jalee mpoTeKaeT NO TpyO4¥aTbIM 
luTaHraM BHYTPpH Bana. Ban 9 arperata o6mwuH AA TypOHHbI HW reHepaTopa. 
OnopHpli noqwmMnHHK 13 Typ6uHbI c 6a6OHTOBLIM BKaQbIleM Ha MaCJIAHOH 
cmMa3ke. B MOMeHT MyCKa H OCTaHOBKH pekycmoTpena osaya Maca Noy 
JaBleHvemM. YNOPHbIA NOAWIHMHHK 5 BbITOJIHeH C rpeOHeM Bawa, Nepezatoulero 
ocepoe yCHHe CTaJIbHbIM YNOPHBIM TOAyWIKaM, 3aJIHTbIM 6a6OHTOM, HU Jasee 
yepe3 YIOpbl H pbl¥axKHYIO CHCTeMy — KOpIlycy H KPbIUKe NOAWHNHHKA. 

Typ6H”Ha cHa62KeHa BCNOMOraTeJIbHbIM M€XAHH3MOM H yCTpOHCTBaMH, B TOM 
qHCIe KianaHaMH CpbiBa BaKyyMa, HaCOCHbIMH arperaTaMH JIA OTKauKH 
MpOCayHBalolleHCA BODbI, WeEHTPaJIH30BaHHOH CMa3KOH HW CHCTeMOH CMa3KH 
NOJUHNHHKOB, MaCJIAHbIMH TPyOONpoOBOAaMH, CHCTeMOH peryJHpoBaHH”A, 
BOJAHBIMH H BO3XYIWHbIMH TpPyOONpoBOwaMH, KOHTPOJIbHO-H3MepHTeJIbHbIMH 
mpHOopaMH HW 2pyrum o6opyzoBaHHem. 

PeryJIMpoBaHHve rHApoTypOHHbI OCYyINeCTBIAeTCH SIEKTPOrHApaBJINYeCKHM 
peryaatopomM 91 PK-150, o6ecneunBalomluM aBTOMaTHY¥ecKoe H AHCTAHWHOHHOe 
‘yapaBulenve padorod TypOuHbl. [lvtanwe CHcTeMbl peryHpOBaHWA MpOusBO- 
RMTCA MaCJIOM Nog AaBmeHHem 40 xkI/cm? oT MacnOoHanopHOH ycTaHOBKH 
MHY 12,5—40. TIpu stom ofHa MacCnoHanopHaa ycTaHoBKa oGecne4uHBaeT 
paOoTty AByx TypOHH. 

JAMTeIbHad SKCIAyaTawHA OOAbINOH CepHH KarCyJIbHbIx rHApoManai Ha 
Kuesckon [SC noka3sana WX XOpOINHe SKCIIyaTalHOHHbie CBOHCTBa WH HalexK- 
Hy!io paOoty. BoaiaBsieHa 6o/biuIad MponmycKHad cmocoOHOCTh TaKHX TypOHH. 


Ecau B ONTHM@JIbHOM pexKuMe TIpH ny; = 180 06/mun mpHBeeHHbIa pacxoy 
Q; = 2000 z/cex, TO MaKCHMaJbHanA TponyckHas cnoco6HocTb, nosyqIeHHad 
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fIpH SKCMWIyaTalHH, XapakTepu3yeTca BerH4yHHOH Q; = 3500+3700 a/cex. 
KaBuTalHOHHbI KoapbHILHeHT B ONTHMyMe paBeH Oo = 1,5, a IPH MaKCHMA@JIb- | 
HOM pacxone o = 3,0. 

[poexrueti K. 1. 0. sTOH TYpOMHEI JocTMraeT n = 93%. 

Ha JIM3 u 3aBoge «DueKTpOCH1a» CO3QalOT ONbITHbIe KallcyJIbHble THIpPo- 
arperaTbl OOJIbIIOH MOWIHOCTH Jia ycTaHOBKH Ha CapaToscKkon FOC, ux Wan- 
Hble cleqylouve: MomHocTh N = 47 300 xem, pacuerupii Hanop H, = 10,6 m, 

= 75,0 06/mun, WMameTp Koneca D, = 7,5 m. KoHCTPpyKTHBHaaA CxeMa 3TOFO 
rufpoarperata B AByX BapHaHTax noKa3aHa Ha puHc. II.32. 

Ha cxeme mpefcTaBJIeHbI [Ba BAapHaHTa KOHCTPyKUHH ruzpoarperata. B nep- 
BOM BapHaHTe poTOp ruApoarperatTa yCcTaHaBHBaeTCA Ha YeTHIpex NOAUMIMM- 
HHKax, TpeX PaCMOJORKeHHbIX B Kalicyse HW YeTBepTHH 34 paOO4HM KOVIeECOM. 
B 3TOM BapHaHTe HMeeTCHA BXOAHOH CTaTOp 2 H BEIxOqHOH J. Bo BTOpOM BaprH- 
aHTe BBIXOMHOH cTaTop oTcyTcTByer H paOouee Komeco ¢ pacnoyloxKeHO KOH- 
COJbHO. KoHHueckKHit HallpaBAAIOUlHA alimapaT 3, ero MpHBoy Mu Kancyaa I 
Cc FeHepaTOpoM B O60HX BapHaHTax HeHTHYHBEI. 

Bsicota HalpaBaomero alimapata B MepBoM BapHaHTe paBHa 0,40 D,, 
a BO BTOpoM 0,4 D,. 

TakHx-2Ba OIBbITHbIX THZpoarperata 6yAyT ycTaHOBJIeHbI Ha rHApocTaHwHy, 
H HX SKCIMYaTalUA NMO3BOJIHT PelIHTb BOMpPOC O JOMYCTHMOCTH WIHpOKOroO MIpH- 
MeHeEHHA TaKHX THApoOarperaTos GObUIHX pasMepoB. 

B ta6a. II.1 npusegenbl OcHOBHbIe TEXHH4eCKHe JaHHble NO TOPH30HTAaJIb- 
HbIM KaliCyJIbHbIM THApoarperaTaM, CoO37aHHbIM B MOcCAeAHHe Foybl. 


CIPYKUHH JMAFOHAJIbHbIX THIPOArPErATOB 


B rugporyp6ocTpoeHHv OAHHM H3 HallpaBJIeHHH ero pa3BHTHA ABJIAeTCA 
NpOABHxKeHHe MOBOPOTHOJIONACTHBIX THAPOTypOuH Ha BbICOKHe HalopHl, rye 
IIPHMeCHAIOTCA PasHa/IbHO-OceBhIe TYPOHHHI, TaK Kak OOJlee NOMoTad KpHBaA 
H3Me€HeCHHA 3Ha4eHHA K. Il. A. MPH pasHbIX pexHMaX PaOOTHI NOBbIMIAeT SHEP- 
reTwyecKHe Ka4¥eCTBa NOBOPOTHOJIONACTHLIX TYPOHH, CpeHeSKCIIyaTalHoH- 
HbIH K. I. A. HX Belle. Kpome Toro, yayqmialoTcaA SKCiyaTauHOHHble CBOH- 
CTBa, TaK KaK TaKHe TyYPOHHbI MeHee NOJBEp2XKeHbI HECTALNMOHAPHEIM ABJICHHAM 
pH HepacueTHbIX peo*KHMaX, 4EM PalHasbHO-oceBble THApoTypOuHH!. B no- 
CJI€(HHX Np pa6ote Ha pexXKHMAaX, OTKMOHAIOULMXCA 10 MOUIHOCTH HJIH Hanopy 
OT ONTHM@aJIbHO PaC4eTHHIX, BOSHHKAaIOT BHXPH 3a PpaOO4HM KOVIeCCOM, BbI3bI- 
Baiolle BEpTHKaJIbHble H TOPH3OHTAJIbHbIe BHOPAaHH AeTaehH TyYpOHH H AONO- 
HHTe@JIbHbIcC KABHTANMOHHbIe paspyWieHHA HX NpOTOUHbIX uacteH. I]pHmMeHeHHe 
OCeBbIX INOBOPOTHOJONACTHEIX THAPOTyPOHH Ha Gosee BLICOKHe HaNnophl NoTpe- 
OOBaJIO MPHMCHEHHA OTHOCHTeAbHO OOJbIIHX BTYJIOK pa6ouero Koseca. YBe- 
AHYeCHHbI€ Halophl AA yyWWeHHA KaBMTaHOHHBIX CBOHCTB NoTpeboBasH 
IIpPHMeHeHHA GObiWero KOJIH¥ecTBa AOMacteh. [lopbiueHHe Hanopa yBeAMYHIO 
Harpy3KH Ha JeTaiH pa6ouero koneca. Mlostomy B npexHUX ra6apuTax BTyJIOK 
PpasMelleHHe 6o/bllero KONHUeCTBa Wand sonactei u Oouee Harpy KeHHbIx 
weTasieH MeXaHH3Ma MNOBOPOTa CTaJIO HEBO3MOXKHBIM. 

YBeHWeHHe AHaMeTpa BTYJIKH KOJIeCa, ECTECTBECHHO, CTCECHAIO MPOTOUHYIO 
yacTh H yxyWaio sHepreTHyecKkve HW KaBUTalHOHHbIe KayecTBa. [losTOMy 
OKa3aJIOCb BeCbMa eJlecoOOpa3sHbIM H 3ppeKTHBHBIM [1peqoRKeHHe BMeCTO 
OCeBLIX IIPHMCHATh ZHarOHaJIbHble THZpoTypG6uupl. J[varonasbuble THApPOTyp- 
OHHbI ObIIH UpeqiomweHb! B CCCP B 1950 r. mpodp. B. C.. KaaTkoBcKaM 
HB Anranu B 1952 r. Jlepuaten. 

J{HarouaJIbHble THAPOTypGOHHHI ABJIAIOTCH Kak Ont pOMexKyTOUHEIMA MexKRY 
PpajlHaJIbHO-OCeBLIMH H OCeBLIMH TyPOHHaMH. 

B AWaroHaJbHOH rH poTyp6uHe B H3BeECTHOH Mepe coueTaeTCA NOJOKUTEMb- 
HO€ Ka¥eCTBO NOBOPOTHOJIONACTHbIX TYPOHH, COXPaHAIOUIHX BbICOKOe 3Hade- 
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HHe K. fl. 0. IPH pasHbIxX pexKHMaXx paOoTHI, C LYIWHMH K@BHTalHOHHBbIMH CBOH- 
CTBAMH paHaJIbHO-OCeBLIX TYPOHH. | 

3a py6exKOM B HocmeqHee BpeMa GObIIO NOCTpoeHO MHOrO ruApoarperaTos 
C JHarOHaJIbHbIM PacnoOO*KeHHeM JOUAacTeH, IPH ITOM H3FOTOBJIAMHCb Ty pOHHBI 
H OOpaTuMble rHApoarperaTHl. Typ6HHa-Hacoc WIA THAPOAKKYMYVJIHp yIOWHX 
ruqpocranyHi. Ileppax QHaroHaipbHaa OOpaTHMaa FrHApomMaiMHa Oblia u3ro- 
TOBeHa PupMow «MyHranm DaextpuK» (Anrana ) B 1957 r. H ycTaHoBsieHa Ha 
rupocraniuu Cap-Anam Bex II B Kanage [114]. Ha puc. I1.33 us06paxena 
cxeMa OOpaTHMOH TypO6uHbI-Hacoca TSC Csap-Agam Bex. J,annpie arperata: 
padounh Hanop H = 12,1+27,4 m, MomHocTh TypOuHb! N = 33 500 Kem. 
MomHOCcTb B HaCOCHOM pexHMe N = 47 800 Kem, NpOH3BOAHTENBHOCTh arpe- 
rata B HaCOCHOM pexuMe Q = 138,6 m®/cex, n = 92,3 06/mun, MAKCHMaJIbHbIM 


Oo 








7 , 


CB bok bok 


Puc. 11.33. OOparHmMaa AvaroHasbHad tTypOuHa-Hacoc TSC Csp-Anam 
Bek (Huarapa) 


MaMeTp KOJIeCa B OTKPbITOM T10/1I0KeHHH D, = 6,3 mw, MAKCHMA@JIbDHbIN K. 1. J. 
B TypOHHHOM H HaCOCHOM pexuMax yn = 92-90%. 

TogzBo, BOALI K KOvsiecy OCyIecTBJIAeTCA H3 CNHpasiM 10 HaKJOHHOMYy NOX 
yriom 45° mpoTOUHOMy TpakTy 4epes cTaTop c peOpamu J. Ji1a noBopotTa 
fqonacteH 5, yCTaHOBJICHHbIX MO yrvioM 45°, IpHHAT KPbIIbYaTbIf’ CePBOMO- 
Top 4 c yraiom noBopota 52°. IloqBoxq Maca K CepBOMOTOPy IpOH3BOAHTCA 
MO NOBOpOTHOH wiraHre 3. OcoG6eHHOCTbiO MeXaHH3Ma MOBOpOTa somacTeH 
ABJIACTCA TepeceyeHHe Ha OCH arperaTa oceH moBopoTa ald Aonacten u 
NabueB PbI4aroB, YTO AaeT BO3MOXKHOCTh H36eKaTb YCTAHOBKH IWapOBblx 
IWaPpHHPOB B KYJIMCHBIX COCAHHEHHAX Pbl4aroB C KpecTOBHHOH. 

CaMOCMa3bIBaloluHHca NOAUWMNHHK 2 CerMeHTHbIM C BOAAHBIM OXJ1IaxKIeHHeM 
BbINOJIHeH Ha MaCJIAHOH CMa3ke. Pe6pa KOJOHH HMEIOT NOABH2KHbIe 3aKPbiJIKH 6, 
MOBOPOT KOTOPbIX OCYIICCTBIAeTCA HHIHBUAyaIbHbIM CepBOMOTOPOM. 

B MOMHOCTbIO 3aKPbITOM NOJOKeHHH JOMacTH KOseca OOpa3yloT riayqKui 
KOHYC, MIOJIHOCTbIO 3a€KPbIBalOlHH MpoOxomHOe CeyeHHe paG6oyero KowIeca. STO 
NO3BOJHeT OOOHTHCL Oe3 OOBIGUHOrO HallpaBJAOMLero alMapatTa KaK 3anOpHoro 
oprana. 

Kpome Toro, ynpomaetca mycK arperaTta B HaCOCHOM pexKHMe, TaK KaK 
HeOOJIbIIOH MOMEHT COMPOTHBJCHHA MPH 3aKPbITHIX MOMACTAX HCKsuO4aeT HEOO- 
XOAMMOCTb OT2KATHA BOLI H3 KaMephi paOoyero Kovieca. B arperate npeycMorT- 
peHa BO3MO2XKHOCTb ONYCKaHHA poTOpa arperaTa BHH3, Mocwe OCTaHOBKH TYPp- 
OHHBI, WIA JIHKBHawHH 3a30pa MexKAY TOplaMH sJOMacTeH H KaMepoOH. 


9} 


STO MOSBOIAeT CBECTH K MHHHMyMy MpoTeuKH Bob. Oupma «MyranwI— Onek- 
TPHK» No3qHee BLINYCTHMa OOpaTHMble AHaroHaJIbHble FHAPOMALWIHHbI Ha Hallop 
50—70,6 gua TOC Banpgekanac B Hcnanun. 

Ha pune. I1.34 noka3aHa cxeMa KOHCTPyKUHH 9TOTO arperata.B TYPOHHHOM 
pexKuMe MOLIHOCTh arperata N = 82 000 xem, B HacocHOM pexHMe moTped- 
HocTb N = 74 500+61 000 xem. B ormuune oT Dpexbiaymenh KOHCTPpyKUHH 
9Ta MalllwHa MMeeT OObIUHDIM WMAIMHApWueCKHH HallpaBJAlOWMA alnapar. 
Pa6ouee Kosleco TaKOH Ke KOHCTPYKIHU, TOMbKO JOMAaCTH OTJIMTbI H3 Hepxa- 
BeIOWeH CTaJH. 

B CCCP nepBaa onbiTHand. [MaroHadbHaad ryp6una 6xina cosqaHa Ha JIM3 
aaa Bbyxtapmuyckon TSC, ona noka3ana Ha pute. I].35. Sra TypOHHa uMeeT 
momuHoctp N =.77 000 xem npu Hanope H = 61 mu, n = 150 o6/mun. 





Puc. 11.34... O6parumni AH arOHa BEB raapoarperar TSC Banp- 
" AeKawac 


‘B-paccmMaTpHBaeMOH KOHCTPyKIIMH MeTasJIM4ecKad Cnupalb J NpHMbIKaeT 
K KOHHYeCKOMy CTaTOpy 2 H CBapuBaeTCa C HM. B qaHHoM cuyyae Ha cTaTop 
HeHCTBY!IOT, KPOM€ BePTHKaJIbHbIX, TOPH3OHTAJIbHbIe COCTABJAIOMHe CHI OT 
BeCOBbIX Harpy30K. Ilostomy BepxHee HM HHKHEE KOJIbIa craTopa MmpeyyCMoT- 
penal KopoouaTon (popMEr. 

KonHueckHit HalpaBJAIOWHh: annapaT 3 umMeerT 24 MpoUs1H pOBaHHEle J1O- 
naTKH flepeMeHHOrO N10 BbICOTe Npoduia. JlonaTKH _pacnOsIOMeHbI Ha YCJOB- 
HOM qMaMeTpe (qHamerTp OKPYKHOCTH, IIpOxowAMeH Ywepe3s TOUKH mMepeceye- 
HHA oceH sJONaTOK C HapyXHOH NMOBepXHOCTbIO MpoTOYHOH yacTH) Dy = 
= 6200 mm. 

BesleqcTBHe KOHYCHOrO pacnosJIOKeHHA MOMaATOK ONOPHble ilaHubl NOL- 
IWHMNHHKOB JONaTOK pe yCMOTpeHbl ‘WapOBHAHOH OpMbI, TO ObecnedHBaeT 
HICHTHUHOCTh yYrAOBOH YCTaHOBKH H COOCHOCTb BCeX MOIMIHITHHKOB. 

CBa3b HalpaBAIOMNHX JOMaTOK C PperyHPY!IOWHM KOVIbILOM OCYLIeCT- 
BJIACTCA C MOMOLLbIO pblyarOB HW Ceper, COCAMHACMHIX LWAPOBLIMH WapHHpaMH. 
Peryaupyromee Kombo 8 yepes perysHpyloulHuH Ban 9 CBA3aHO C OOBIYHBIM 
NOPWIHeBLIM CeEPpBOMOTOPOM. 

Pa6ouee Kovreco c 10 OBOPOTHBIMH JIONaCTAMH 4 WMeeT YCJIOBHLIM AHaMeTp 
(1HaMerTp OKPyAKHOCTH, NpoOxogAwen wepe3s TOUKH NepeceyeHHA OCH MOBOpOTa 
sonacrei c KaMepod pabovero Koseca) D, = 4350 mu. Brynoanoe oTHOMeHHe 


O 
Dy = 0,65. Han6onpumi quamerp Kopnyca pa6ouero Koseca 3400 mm. 
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KoHCTpyKTHBHbIe NWpopaOoTKH MOKa3aJIH, YTO AIA BAMaroHalbHoro pa6ouyero 
KOJIeCa C NOBOPOTHbIMH JIOMaCcTAMH WesecooOpa3sHo MpHMeHeHuHe KPblbuaTOrO 
MNOBOpOTHOrO cepBoMOTOpa 7, KPeCTOBHHHI 6 HW pawWaNbHO pacnosOKeHHbIX 
ppmarosp sonacTteH 5. JIpH KpblibyaTOM NOBOPOTHOM CepBOMOTOpe LITAaHrH, 
110 KOTOPbIM NOABOAJMTCA BHYTPH BaJla MaCJIO K CepBOMOTOPY, TOXKe OJKHbI 
ObITh TOBOPOTHBIMH. OcTaJbHble y3JIbl TYPOHHHI, Bal, MOUIMMHUKH, BCMOMO- 
raTeibHoe O6opyfoBaHne HU peryATOpHoe O6OpyAoBaHve aHaJOrHUHb Bep- 
THKaIbHOK MaliHHe. Ita TypOHHa Oblia BBeseHa B 9KcCIIyaTalHio B 1965 r. 

B Teyvenue AByXJieTHeH SKCIMyaTalHu 9Ta TYpOuHa Oblla BCeCTOPOHHE HCHbI- 
TaHa Ha T9C, onpemeneHbl ee sHepreTHyecKHe H MexaHHyeCKHe MOKa3aTeJH, 
H MOXKHO cCileaTb cCyleyIOUlWe BbIBOIBE. 

1. Pa6ouee KonecoO 1HaroHasbHOH TYPOHHEI C HaKJIOHHBIM pacnoJoxwKeHHeM 
JOonacTteH H MeXaHH3MOM HX TNOBOPOTa OT KPbIIbUaTOTO CepBOMOTOPa IIpeAcTaB- 
JaiseT co6oH mpouHylo HajyexKHylo KOHCTpykKuHio. H3mepeHHbie B HaType 





"500 +00 506 600 700 800 900 10001100" a/cen O04 O5 06 07 08 0950 11 12 15 4445 8, / 
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Puc. I].36. CpaBHenuve nonoroctH pa6ouHx xapakTepHCTHK PafHasbHO-OceBbIX, JH arOHaJIbHbIx 
H MOBOPOTHOMONAaCTHHIX TYPOHH 


HanpAxKeHHA BO BCexX HaHOouee Harpy XKeHHbIX CeYeHHAX AeTaslenh pa6douero 
KoJIeca HMelOT JONYCTHMbIe 3HaveHHA, a B KOPHEBOM CeYeHHH JOMacTeH — axe 
NOHWKeHHDIE, BCAEACTBHE pasrpy304HOroO eHCTBHA WeHTPOOeXKHBIX CHI. 

2. Konuueckuit HanpaBAAiomHA alnapaT He WaeT OWLYTHMbIX 3HEpre4rTH- 
yeCKHX MNPeHMYIUECTB B H3POTOBJICHHH HW MOHTaxe H CJO*KHee OOHIMHOTO ILHJIHH- 
pHueckoro. 

3. YIIOTHEHHA TOPUEBLIX 3A30POB KPbIIbYaTbIX NOBOPOTHEIX C€pBOMOTO- 
POB ABJIAIOTCA CJIOKHON npoOsemou. 

4, 3a3s0p MexAy KaMepoH H TOPILaMH AOMacTeh pa6ouero KOsIeca CyllecrT- 
BeHHO BJHAe€T Ha 3HEpreTH4ueCKHe H KAaBHTAIHOHHble NOKasaTeH TYypOHH, 
HeOOXOMMO eFO IIPHMCHATb BO3MOKHO MeHDIIHM, OH He JOMKEH MPeBbIMNATh 
0,0075—0,001 D,. 

OnnoppemeHHo C 9KCIyaTamHeH WWaroHasibHbix THApoTypOuH wa TOC 
B WaO60paTOpHAX MPOBORHHCh pa3vIHUHble HCCNeZOBaHHA pabowero mpowecca 
9THX FHApOTypOHH Ha MOJeJIbHEIX yCTaHOBKax. 

B pesysibTate 6bIl1I0 YyCTaHOBJIeCHO, YTO JKOHOMHYECKH LWemecooOpa3HbiM 
OKa3bIBaeTCA MIPHMeHeHHe AMarOHaJbHbIX TYPOHH B3aMeH NOBOPOTHOVIQNACT- 
HBIX Ha THApocTaHilHAx c HanopaMH 35—/7/0 m H B3aMeH paqHasbHe-OCceBbIX 
Ha Hanopax cBbie 70 m. DKOHOMMYeCKHH odpeKT OT yKasaHHOH 3aMeHbI NOJy- 
waeTCA BCAeACTBHeE BO3MOXKHOFO yBeJIHYeHHA BeIpaboTkH SIEKTPOSHEprHH, 
uTO HAJHOCTPHpyeTcA KPHBbIMH rpadHka. 


[pacduk Ha puc. 11.36, a [41] n = f (Q;) noka3biBaer paO6ouHe xapakTe- 
PHCTHKH MOeneH pajMasibHO-oceBHIX (PO697 Hu PO638), AHaroHaJbHbIx 
(D45-5) uw noBOpoTHOsOoNnacTHHXx ruzpotyp6un []J[5a c ABOHHLIM peryHpoBa- 
HHeM 110 JaHHBIM HcnbITaHHH BO BHMMrugzpomaime. OueBuaHo, To em Oovee 
nolorad xapakTepucTuka, TeM JIyuile Ka4veCTBO peryJIHPOBaHHA HU, CJIeOBa- 
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TeJIbHO, TEM GONbIUeE OyeT CPeAHHH JKCHMYyaTaUWOHHbIN K.u. A. asa ayumero 
CpaBHeHHA NOJOrocTH paOouHx XapakTepHcTHK Ha rpaduke (11.36, 6) B orHocH- 








TCJIbHbIX KOOPAHHaTax 100% =f i= IIPHBeAeHbI OTHOCHTCJIbHbIe 


Ilonm 
XapakTeCpuCTHKH 3THX WE KoOvIeC. 


M3 sTHX KPMBbIX CeLyeT, YTO MOMOTOCTb xapakTepHCTHKH nMaroHaJibHBlx 
Typ6uH D45-5 HaHBbICWIad, BLipadoTKa SJIeEKTpOSHEprHH OyAzeT MpornopilHo- 
‘HaJibHa NOJOrOCcTH 3THX KPHBbIX. TloqcueThi noKa3biIBaloT, UTO y AHAaroOHaJIbHblX 
‘TYpOHH BLIpaboTKa BCeACTBHe STOTO NOBbIIaeTcA Ha 1,5—-2% no cpaBHeHHIo 
C pajHaibHO-oceBLIMH TypOHHaMH. 

_ TIpumMepHo Ha Taky!0 2Ke BEAHYHHY BCeACTBHe HX OO/IbIUero K. MN. A. NOBBI- 
wiaeTcad BbIpaGoTKa y AHaroHaJbHbIX TYPOHH HU NO cpaBHeHHuto C BbICOKOHAIIOp- 
HbBIMH MOBOPOTHOJIONACTHBIMH TypOWHaMH. 

B nactosimee BpeMA NOMyuHAH pacnipocrpaneHue qMaronanpunie TY pOHHbI 
C TpeMA 3HAYeCHHAMH yruia HakOHa AonacTH 8 = 30, 45 u 60°. 

B ta6n. 11.2 mpuBezeHbl OCHOBHbIe JaHHble MapaMeTPOB AHaroHaJbHbIx 
rHApOTYpOHH JA PaSMHUHBIX HaNoOpoB, ycTaHOBJeHHbIe MpakTHKOH TrHIpo- 
TypOocrpoenua. Ha OHM H Te Ke 3Ha4eHHA Hallopa MOryT ObITh yCTaHOBJIeHbI 
MaroHaJIbHble TYPOHHbI C PasHUHbIMH yraiamu 8. BeiGop yraa HaknOHa cue- 
ye 1IpOW3BOAUTb B KaxKJOM KOHKPeTHOM CJly4ae Ha OCHOBaHHH 3KOHnOMPYEC- 
KHX pacueToB. [IpuH sTOM CJIeqyeT HMeTb B BUHAY, YTO IPH yMeHbUIeHHH yruia O 
yAyumlaioTca KAaBHTalHOHHbie KayecTBa KOJIeca, 4TO TIpH Tex #%e Hanopax 


Ta6auua II.2 


Napamerphl HaronanbAEx TyP6HH AIA pasHLix Hanopos 




















MakcuMaJIbHeH Hanop | 30—50 50—75 | 75—100 100—125 125—150 

Yronl HakKoHa ocH Mo- 60—45 45 45 45—30 45-—30 
Bopota wiomacTu § B 2pad 7 | : | 

Uncno aonacteit 8 8—9—10 | 8—9—10! 9—10 (10 


MaxcumasibHoe = 3xHae- | 0,55—0,33 | 0,33—0,22 | 0,22—0,16) 0,16—0,13} 0,13—0,12 
HWe KaBHTalHOHHOFO KO3p- : 


10,3 — Hs 

(puIHeEHTAa o = Ti . 

(Hs = —'8 m) | 
Mpupenenuetit pacxog Q,; | 1500-—1300 | 1300—1000 | 1600—800| 800—700 | 700—600 
Mpusenennsie o6oporsin, | 120—100 |. 115—100 | 100—90 | 90—80 | 80—75 





M MOI[HOCTH MO3BO/IAeT IIPHHATb TypOuny C M€HbIUHM D,, H TEM CaMbIM IIOBBI- 
CHTb SKOHOMHYHOCTD TypOunpl. C Apyrok cropoub, TypOuHa c 0 = 30° HMeeT 


CaMBIe HH3KHe 71], YTO MPHBOJMT K YMCHbINCHHIO O6OpOTOB H COOTBETCTBEHHO 
K YTAKeNeHHIO H yopoxaHuio reHepatopa. MoxHO CUHTaTb yCTaHOBVJIeH- 
HbIMH CielyloulHe dakTOpel: 

1) quaroHadbHbie TypOuHEI c 8 = 60° ycrynator Typ6HHam c 8 = 30 
u 45° no BCeM NOKasaTeJIAM, H OHM 61H3KH K MOBOPOTHOJIONACTHBIM TYpOHHaM; 

2) Ip ycTaHOBKe B paqvaIbHOM HanpaBAAIouleM anmapaTe AMaroHaJIbHad 
TypOuHa C yrszioM 9 = 45° oGecneyHBaeT MHHHMAJIbHY!IO WHPHHy O10Ka arpe- 
rata BO BCeX JHama30Hax HaTOpos; 

3) HaroHadbHble TYPOHHbI Cc yrvioM 8 = 45° oGecneunBaloT HaHOO/bILIy!O 
CKOPOCTb BpallleHHA BO BCeX AHana3oHax; 


95 
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4) np Hanopax 125—150 m c yyeToM MeHbuero 3arlyOeHHA Ha OTCACHI- 
BalouleH TpyOb!l WHarOHaJIbHble TYPOHHbI Cc yruiom 8 = 30° oKa3bIBaloTcA 6oulee 
pe AMOUTHTeEJIbHbIMH. 

J[varoHaJIbHble TypOHHbI BCeEACTBHE HaKJIOHHOTO pacnosoxeHHaA sonactelt 
C KOHHYECKHM HallpaBJIA!OWIMM alllapaTOM HMeIOT HEeCKOJIbKO OGOJIbIIIy1O 
TPYNOCMKOCTb H3TOTOBJICHHA 110 CpaBHeHHIO C MOBOPOTHOJIONACTHBIMH TypO6H- 
HaMH. B ta6. I[.3 npwBexenbl RaHHble ONLITHOH AHaroHaJIbHOHK TypOuHE! Byx- 
TapMHuHCKOH TOC HW BRICOKOHANOPHBIX NOBOPOTHOJONACTHHIX TYPOHH. 


Ta6nuna I1.3 


YewbHHe NokazaTeiH WMarokatbHOH HW NOBOPOTHOONAacTHOH TypOuH 




















Y wembyan ¥RenbHaKr 
Hanwenosanne ne |» Mem | nec's ai /xam |,"PYHoeMHOcTe | cebeeronMocTS 
BbyxTapMuHcKaa = onbit- |_ 66 90 000 5,0 | .0,74 4,9 
Han J145-5a-BM-435 | 
11J1642-BM-420 62 | 58700 4,91 0,65. 46 
IJ15a-BM-410 68 79 000 4,72 0,46 ~4-"~.49 


MYER Srey 


1 Be3 pacxofoB Ha OCBOeHHE. 





V3 sto TaGIMUbI CnelyeT, YTO TeXHHKO-3KOHOMH4eCKHE ‘mokasa TEHH. STUX 
TYPOHH HMeIOT JOBOJIbHO OM3KHe 3HayeHHA. TexHouorHa IpOHSBOACTBA yMa- 
rOHAJIbHDIX THAPOTYPOHH MPHHUMMNHaIbHO MaJlO OTMHYAeTCHA OT IPHHATOH WIA 
NOBOPOTHOMONACTHbIX, OMHAKO CJIeqyeT OTMETHTb, YTO y AHAaLOHAJIbHbIX Typ- 
O“H JOKHAa ObITh OGecneyeHa TIlaTeJIbHan OOpaboTKa KaMepbl H nepHdepHH- 
HoH KPOMKH JOMAacTeH 1A OCTHKeHHA MHHMMAJIbHOLO 3a30pa, ITO OKa3blBaeT 
CyljeCTBeHHOe BJIMNAHHe Ha yBeJIH4eHHe 3Ha4eHHA K. I. OJ. 

OmHako cJleqyeT HMe€Tb B BHAY, 4YTO Ape3sMepHoe yMeHbUIeHHE “ga30P0B 
MOXKeT BLISBATh 3aqeBaHHe JIoMacTH O KaMepy. AnoHcKaa pupMa «ANTAUH» 
y KaMepbl yCTaHaBAMBaeT aTUHKH, PerMcTpHpyroulHe 3a30pbI 10 nepudepuit- 
HOH KpOMKe JlOMacTeH H ABTOMATHYeCKH OCTaHaBJIMBAalOlUHe.MallMHy pH HX 
YMeHbINeHHH HY Ke OpeseseHHOH BeJIMUHHBEI. : 

Ha puc. 11.37 npuBenena WHaroHasbHaa TYpOuHA, KOTOpasd HMeeT ONTHMAadJb- 
HYIO KOHCTPyKTHBHY!IO CXemy. Sta cxemMa paspa6otana B ILKTH JI. A. Bpox- 
uTeH#HOM. B 3TOH KOHCTPYKILHH IIPHMeHeH IHIHHAPHYeCKHH HalnpaB/AlouluH 
annapat I, KpbiluKka TypOHHbI 2 HeceT Ha ceOe ONOPy NOANATHHKa HW HanpaB.AAlo- 
WH NOAWHNHHK 3. XapaktTepHa KOHCTpyKIHA paOoyvero Kosleca. B pa6bouem 
Kojlece ycraHoBuleHo 10 nonacte 4, pacnomoxKeHHbIX NOX yrsiom 45°. [lopopor 
jonacTteH OCYWIECTBAeTCA C MOMOMLbIO KPHBOMIMMHO-IlaTyHHOrTO MeXaHH3Ma 9 
C HaKJIOHHOH cepbroH u nNopmiHeBoro cepBomoTopa 6. Taka KOHCTPpyKWHA 
MeXaHH3Ma MOBOpOTa NO3BOJIAeT SPeCKTHBHO BapbHPpOBaTb TepeaTOUHbIM 
OTHOIICHHEM MeXaHH3Ma C I[e/IbIO NOJYYeHHA ONTHMAbHOTO WHaMeTpa CepBO- 
MOTOpa, MHHHMaJIbHOrO raOaputa HM Beca Komeca. Ero xe HcceqOBaHHA NOKa- 
341M, UTO B WHarOHAJIbDHbIX TYPOHHAX BCeEACTBHe KOHHYECKOLO PacnoJOMKeHUA 
nomacTeH CyIeCTBeHHO 60/IbIIHe 3HAYeCHHA, 4EM JIA OCeEBOH TYPOHHbI, HMEIOT 
IleHTpOOeXKHbIe CHIbIl, OCOOEHHO IPH pasroHHbIx OGopotax. JTlosTomy BbI6op 
Macc (TOJIIMHH) B Tepe JIomacTH, yria HaKJIOHa H ee BbIIeTa HMeeT GOJIbINOe 3Ha- 
yeHHe IPH MpoOeKTHpOBaHHH nemecoo6pasHBIX pasMepos Kovieca [5; 50}. 
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8. OBPATHMBIE TFHJAPOAIFPEFATbl 


Pujpoakkymy.Jmpyloume suiektpoctanunn (TAIC) 


B KpynHbIx SHeprerTH4ecKHX CHCTeMax JIA OGecneyeHHA THOKUX yCIOBUH 
HX 9KCIVyaTawHH TpHMeHAIOTCA THApOaKKyMYyJHpytlollve 3JIeEKTPOCTaHILHH, 
KOTOPble MO3BOJIAIOT XOPOMIO pelllaTb MpOGJeMbI NMOKPbITHA MHKOBbIX Harpy- 
30K. TASC Hayanu coopyxatpes c 1929 r. uw B HacTosmlee BPeMA NOMyualoT 
Bce Oobmee pa3sBuTHe. BovibmmMucrBo nocTpoeHHbIx TASC sBpimmonmHeHo no 
TPeCXMAlIHHHOH CXeMe, BKIIOUaIOWeH: THApaBHyecKyloO TYPOHHYy, TeHepaTop- 
ABHIaTeb H AKKYMYJHPYIOWHH HAacoc, BbITIOJIHeCHHBIH B OLHOCTYNeCHUATOM HH 
MHOrFOCcTyNeH¥aTOM Bue. OJHaKO B NocmeqHee BPeCMA B HHOCTpaHHOH NpakTHKe 
HaOmoMaeTCA TEHACHUHA Tlepexofia OT TPEXMAIIHHHbIX arperaTOB K PeBepCHB- 
HbIM ABYXM@IIHHHbIM OOpaTHMLIM arperatam. 

OOpaTuMplit rupoarperaT HMeeT rHApoMalllHHy (Hacoc-TypOHHA) H BIeKTPH- 
HECK IO MalliHHy (1BHraTedb-reHepaTop) Ha OJHOM BaJy. 

‘Y oOpaTuHmMoro ruypoarperata pH TevweHHH BObI H3 BepXHero BOOXpa- 
HHJIHIa B HHxKHeEe pabouee KOecO paOoTaeT B TyPOHHHOM perxkume, Bpalan 
reHepaTop, KOTOPbIM BbipaOaTHIBaeT 91eKTpOsHepruio. EcaM renepaTop 3acta- 
BHTb pa6oTaTb KaK 3JICKTPOJBUTaTeJIb OT CETH SJICEKTPOSHEPrHH, TO OH OyyeT 
BpawlaTb pabouwee KOeco, KOTOPOe KaK HaCcOc CTaHeT TlepeKauHBaTb BOY H3 
HWOKHETO BOAOXPaHHJIMIa B BepxHee. OOpaTHMble arperaThl MOryT aBaTb BbI- 
COKHH K. Il. 1. KaK B TYPOHHHOM pexKHMe, TaK H B HACOCHOM, eCaH y arperata 
C HeMOJBYXKHbIMM: JIomacTAaMH OyAyT pa3Hble 4HCIa O6OpoTOB — OHO IA 
HaCOCHOrO _pokuma H-Apyroe, 6osee Hu3Koe (Ha 10—20%), aia TYp6nHHOrO 
Pe@2KHMa,..9OTO, KOHC4HO, yCJIOKHACT KOHCTPyYKIMH TenepaTopa-ABHraTeJaA. 
Tlostomy wale IIPMMeHAIOTCA arperaTbl C OMHHAKOBbIMH OOOpoTaMH B OOOHX 
pexuMax. HanpaBJalouluh annapaT TypOHHbI B HaCOCHOM pexkHMe urpaeT 
NONOKUTCIBHY!O POb. OH yslyuliaeT XapaKTepHCTHKY MAalIHHbI, COXpaHsAeT 
BbICOKHH K. ll. 0. MO BCeMY ZHala30Hy pacxoOjla, yalyumaeT yCJIOBHA Nycka 
Hacoca, Tak KaK MPH 3aKPbITOM HallpaBAAIOUeM alllapaTe BO3MOXKeH NyCK 
Hacoca B XO, 6e3 BOA TIpH MaJIOH MOILHOCTH. 

O6paTuMbie arperaThi XOTA H HMeloT Gosee HH3KHE K. Ml. 1. O6aqaior 9KO- 
HOMH4eCCKHMH IIPeCHMYIMeCTBaMH: Oo/lee HH3KHMH YJeCJIbHBIMH KallHTaJIOBsI0Ke- 
HHAMH H MCHbIIMM OObEMOM CTPOHTeIbHEIX pabor. Jia HH3KOHanOpHBEIX TASC 
Np IByXMalIHHHOH cxemMe B Ka4yeCTBe OOPaTHMbIX MalIHH BO3MOXKHO IIPHMe- 
HeHHe KaliCyYMbHbIX THAPOMALIHH, ONMCaHHbIX BBILIEe. 

Jia CpeqWeHanlopHbIxX yCTaHOBOK MpHMeCHAIOTCA AWaroHaJIbHble MaluHHbl 
(cm. puce. II.23 uw 11.24) wan paavanbHo-ocesBnle H AA BbICOKOHANOpHBIX — pa- 
HaJIbHO-OCeBbIe OOPaTHMble arperarHi. } 

BeneycrBue TOTO, YTO OOpaTHMble THApOMaLIHHb! pH pa6ore B HaCOCHOM 
pexume Tpe6yioT (110 yYCJIOBHIO KaBHTAalMH) Goubulero 3aryONeHua, YeM OOHIY- 
Hbie TYPOHHHI, TpaHHIUb!l HCNOJb3OBaHHA Pa3JIMYHbIX THNOB OOPaTHMbIX THApo- 
MaluHH OTJH4aloTCA OT aHaJIO‘H4HbIX TpaHHi OOBIMHBIX TYPOHH. 


JIA OOpaTHMbIX PHAPOMAIIHH MOMKHO YKa3aTb CleAYIOWHe peel npume- 
HeHHA m0 Hanopy (B om): 





a 


OceBad MoBOpoTHOJOnacTHaH . 1... eee eee ee USO 
JimaroHaibHaw . 2. 1 ew ee ee ee ee ee we 4 OBO 
PajwaIbHO-oceBavA . wwe ee ee ee ee ee ee + 20-200 

H Govee 


Cnenupuyeckue YCIOBHA pa6oTH OGpaTHMbIX arperaTOB CBA3AHbI B MepByIO 
ouepeb C YACTEIMA KPaTKOBPeMCHHBIMH NepeKMIOUeHHAMH arperata UH nepeMeH- 
HOH TeYeHHA BOLI B ABYX HallpaBJeHHAX. 

Bee noquwHnHukKH arperata JOJDKHbI ObITb paCCUMTaHb! Ha OOa HanpaBuie- 
HHA BpalleHHa B yCNOBHAX pa3roHa. K arperatam TASC npeyxbsaBisaioTca 
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TaKKE Tpe6oBaHna B OTHOWCHHH ObICTPEIX MyYCKOB H nepekmoueHHit Ha 
pasHble peKHMbI B COOTBETCTBHH C NOTPeGHOCTAMH SHEProcHCTeMBI. | | 
Bpema NepeKJMOYeHHA C HACOCHOTO pexKUMa pa6orni Ha TypOuHHbIH H Cc Typ- 
OHHHOrO Ha HACOCHBIM AOJ2KHO COUeTATbCA C YCIOBHEM NOAayH BOLE, pasMepamu 
H XapaKTePHCTHKAaMH 3alOpHbIX yCTpOHcTB, Tpe6oBaHHeM ycTOMuHBOrTO pery- 
IMpOBaHuaA 4uHCa OOOpoTOB HT. Nn. Aa OOpaTMMbIX arperaToB cpeHee 3Ha- 
yeHve K. 1. J. (PaBHOe NOyCyMMe K. 11. J. B TYPOHHHOM H HaCOCHOM pexKHMax) 


OPHCHTHPOBOUHO paBHO: NpH MowHOcTH 70 50 000 Kem 89,5%, npu MomHOCTAX 
G6omee 50000 xem 90,5%. 


Hacoc-TypOuna Kuesckoh FASC 


Ha puce. I].38 noka3saH paspe3 no o6paTumMomy rugzpoarperaty (ryp6uHa- 
Hacoc) payWasbHO-OceBoro Tuna ia Kuescxoh TASC, cnpoexrupoBanHoro 
Ha XTITS aA caehyloulHX MapameTpoB: TYpOHHHHI pexHM — MOULHOCTD 
N = 34000 xem, nanop H = 65 m, o6opotn n = 166,4 06/mun; nacocHnitt 
pexkum — mouwHoctb N = 40 000 xem, nanop H = 69,5.m, o6oporThi Te xe. 
Jlvametp Kosieca D, = 4,65 m, OHO LebHOJIHTO, BLINOMHACTCA H3 Hep KaBelo- 
mei ctamv. K. 0. 2. B TypOHHHOM pexuMe yn = 89%, B HacocHOM y = 85%. 
HanpaBJAlomH annmapat uMeeT 16 MOBOPOTHEIX NOMaTOK HB HACOCHOM PexXKHME. 
TlopopoTHBIh HalipaBAAOUMh aliapaT B HaCOCHOM pexKHMe NOSBOJFHET cOXpa- 
HUTb BBICOKHH K. II: J. MO BCeMy AHaNa3sonHy NOMayH UM yuyulllaeT yCOBMA TrycKa 
arperata. IIpuHBpoq HanpaBsalomero alnnapata OcCyMleCcTBAAeTCA OT NPAMOOC- 
HBX CEPBOMOTOPOB Yepes PeryAUpyrollee KOJIbIO HW PbuarH. Hanpapsaiounn 
HOMUMNHAK JHaMeTpOM 800 .# CerMeHTHBIA. Ha BORAHOK CMa3Ke BBIIOJIHCH 
Jia peBepCHBHOH pa6orTHt. 

Bepxuee KOJIbIO HallpaBJAlome;ro anmapata Hi KDBINIKa ryp6uHt BBITIOUI- 
HAIOTCA CBAPHbIMH. K AHUIMLY KPbILIKH NpHBapeH KOJMeKTOp, coo6malomHiica 
C KaMepOH NO pa6ouwM KOVIeCOM H OTBOAALLHH NpOTeuKH BOAHI, IpOHHKalonyHe 
vepe3 YIJIOTHUTeIbHBIe KONeca B KOpIiyc OTCacHiBalomleki Tpy6n. [Ipenycmer- 
peHO YCTpOHCTBO YeTLIPeX KMaNaHOB CpbIBa BaKYyyMa.-' 

Pexum paoortnl STHX arperatos Ha TASC mpenycmatpuBaer paooty B Typ- 
OHHHOM pexKHMe B TeveHHe TpexX 4YaCOB, KOra NMOKpbIBaeTCAH MHKOBAA WaCTb 
Harpy3KH SHeEProcHcTeMbl, HY paOoTy B HaCOCHOM pexKHMe B TeYeHHe ceMH 
wacOB, KOrja MpOHSBOAHTCA HalOMHeHHe BepXHeroO BOAOXpaHHuMa. | 

B octasibHoe BpeMA CyTOK arperaTh! OyLyT HAXOJUTLCAB KOMMeHCaTOp HOM 
pexKHMe, BpIpadaTbiBad peaKTHBHYIO MOILHOCTb H TCM CaMbIM JIOBbIMaA 3JIeK- 
TpHueCcKHH K. I. JQ. (cOS @) SHEPTOCHCTeMHI. 

Cuctema peryHpoBaHua ruspoarperaTos IipekycMaTpHBaeT aBTOMATH- 
YeCKHH JUCTAHIHOHHBIN MyCK B TyPOHHHOM H HACOCHOM peoKHMaX, TepeBor 
Cc reHepaTOpHOrO B KOMII€HCaTOPHHIH pexKHM HM Haobopor. 


IipHJHBHbIe 3IeKTPOCTaHIHH 


EctecTBeHHbIH XO] IPHJIMBHOH SHEP B COOTBETCTBHH C XapakTepOM Ca- 
MOTO ABJICHHA TpelcTaBJaeT coOoH pepbiBucTylo cHHyconazy. B Tesenue 
14- -MHEBHOrO NepHoya NOTOKH NpHJIMBHOH SHEP NyJbcupyior, yBeIMqHBaL 
cBOH MaKCHMYM B MOJIHOJyHHe HW HOBOJyHHe B 9 paz nO CpaBHeHHIOo C TepBort 
HW nocjeqHeH weTBepTAMH Jilyupt. Jia ycrpaneHuaA 3TOH HepaBHOMepHOCTH, 
34KOHOMePHOCTb KOTOPOH He COOTBeETCTByeT XapakTepy NoTpe6meHHA 3HEp- 
ruv, Jl. B. Beppmretu [8] npeaznomxun sdhbekTHBHbIA cnoco6 TpancopMallHn 
IIpHIMBHOH SHeEprHH C HCMO/Ib3OBaHHeM FOPH3OHTAaJIbHOFO KalCybHOTO arpe- 
rata C MOBOPOTHBIMH JIONaCTAMH JIA pa6OorTh B | TYpOHHHOM H B HaCOCHOM 
peoxKHMaX. 

EcaIv B HOUHbIe YaCbI BO BPeEMA H36bITKAa MOIMHOCTH B CHCTeMe TYPOHHY apa 
JIMBHOH JJIEKTPOCTAHILHH MyCTHTb B HACOCHOM perkunMe (puc. I1.39), ona MoxerT 
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IIPOHSBOAHTb OTKAUKY BOLI H3 GacceHHa NPHAHBHOHK S/IEKTpOCTaHIMH B MOpe 
(pH COBMajleHHH STOTO BpeMeHH C OTJIHBOM) HH NoAKaUky Oaccefna (BO Bpema 
NOHO BObI). B 3TOM Cy4ae TOPHSOHT BOAbI B OacceHHe NPHAHBHOH 9/1eKTpO- 
CTAaHILHH MOKeT ObITb ONYIUEH TO OTHOWeHHIO K TOPH3OHTy MaJIOH BOAHI (HK 
NOAHAT MO OTHOMeEHHIO K YPOBHIO M0JIHOH BOI). 
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TlonyyeHHaA TaKHM O6pa30M JONONHHTeIbHaA CJIMBHaA MpH3Ma MO*KeT 
GbITb HCNOMbSOBaHAa VIA BbIPaGOTKH SHEPIHH B s060e BpeMaA, HeOOxoAHMOe 
JIA CHCTeMbI (HalIPHMep,.B UaCbl NHK), HeSaBHCHMO OT *a3bl IpHAHBa. Kpome 
PyYHKWHH TYPOHHbI WH Hacoca, 3TOT TOPH3OHTAJIbDHBIM KANCYJbHbIM arperat 
MOXKET BLINOIHATh ele (PyHKWHH BOAONMPONYCKHOLO OTBEPCTHA (pH OTKAIOUeH- 
HOM TeHepaTope H COOTBeTCTBEHHO Pa3BePHYTHIX ONACTAX AIA OBICTPOTO BbI- 
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Puc. 11.388. O6parumaa uacoc-typ6uHa Kuesckon TASC 


PaBHHBaHHA yPOBHeH MPH NepekMOYeHHH Ha OOpaTHbIH Hallop BO BpemMA 
CMCHbI IIPHJIMBa OTJIMBOM). 

CreyOBaTeIbHO, B YCAOBHAX NPHJIMBHOH JNeEKTPOCTaHIHH TOPH30HTAaJbHbIi 
arperaT JOJKeH paOoTaTb B YeTbIPeX pexXHMaX —JBYCTOPOHHUX TYPOHHHbIX 
H HaCOCHBIX, a Tak»xxe oOecreuH- 
BaTb IIPOMYyCK XOJIOCTbIX PaCXOJOB 
BLIPAaBHHBaHHA. | 7} 

Ansa oOpbl4HOH OBOPOTHOMIO- 

“jacTHoH TYpOHHEI Wpu paboTe Ha 
yKa3aHHbIX pexkHMax TpeOyetca 
mepecraHoBka JlomacTrei pa6oo- Faccein Mope 
yero KOIeca IIpHMepHo Ha 240° NONHore y Nonnan boba 


(puc. IT.40). — 
STOT MepexXo Ha PasHble pe- gnopomnennoril yA m7 
%KHMBI pasoThl Tpe6yeT OCTaHOBKH Ui; tt OO. 
arperaTa HUH COOTBeTCTBYIOMNero WLLL Ue Z ry Wii, 
BpeMeHH JIA MOBOpoTa JlomacTeii. se 
MuorovleTHve TeoperHuecKHe it 
H 9KCIepHMeHTa/IbHEIe Mccsejo- [eee lle cod 
BaHHA, IPOBOAMBILHecA Ha 3aBONE a 
«Heipnuk» BO MpaHuMu, Mo0sBo- Puc. 11.39. Cxema ogHoGaccelinoit np wuBHOli a7eK- 
JHIH CO31aTb HW HCIBTaATb Kail- TpocraHyHu 
CYIbHbIH OOpaTHMBIM arperaT AA 
ycTaHoBKu Ceu-Maso MomHoctbio N. = 9000 xem npH H. = 5,8 m, Kotoppili 
o6ecneunBaeT BO3MOXKHOCTb BbICOKONPOMSBOANTeMbHOK . paboT arperata mpu 
BceX ero WeCTH pexuMax (IpaAMasa HU OOpaTHad TYPOHHHAaK, HACOCHaH H BOJO- 
mponycKHaad paOota). Oco6eHHocTbIo 9STOrO arperaTa ABJIAIOTCA JOMaCcTH 
| OésiuHaa nonacmo 
Maxcumanoeneii yeon nobopoma ~ 240° 


HanpaGaenue . \4 2 a 4 
meyenuad bodor | 


wae 


Mope 
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Hanpabnenue | 

Goawenus , 

PemuMo! 

padomol — Typoun— Hacocnow Le Hacocnoiit . Xonoemou 


Holl (nponycr pacxoda) 
Cneuuanonan fonacme (S—obposnaa) 





Puc. I1.40. Tlonomenne onacre pa6oyero Kosleca O6paTHMol n0BO- 
porHomonacTHoli TYPOHHMI NP PpasH4HbIX PexKHMaX PaorTH 


ClellHabHOrO NpousA B BHJe BHITAHYTOH OyKBbI S, pH KOTOPLIX AIA J060TO 
pexHMa NOTOK BCTpeyaeT 3AKPYIJICHHY!IO KPOMKy H BbINyKJIy!O CTOPOHY JioMa- 
cTH, O6ecneuHBalomve GesyqapHoe ABHKeHHE. Ota cpopMa JlonacTH MosBouAeT 
OCYIIECTBJIATb BCe INe€CTb Pe@2KHMOB PaOOTH! NPHJIMBHOH SJICKTPOCTAHILHH pH 
OrpaHHueHHH NOBopota B Mpeyenax 50° u nepexoy oT OfHOTO pexkuHMa arpe- 
rata K JpyromMy (npH OJHOM H TOM 2Ke HallpaBsIeHHH NMOTOKa) 6e€3 OCTaHOBKH 
MallHH. 
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Paasa Ill 


OCOBEHHOCTH H NOPSAAOK 
HPOEKTHPOBAHHA THAPOTYPBHH 





1. TEXHHYECKHE YCJIOBHA HA CO3SJAHHE FHAPOTYPBHH 


TexHnueckHe yCJIOBHA Ha CO3AaHve FHAPOTYPOHH COCTaBJIAIOTCA Ha OCHOBe 
9CKH3HOTO H HHOra TeXHHYeCKOTO MpoekTa. OHH COCTOAT H3 CJIEAYIOWNX 
pa3eJIOB: | | 

I. OcHOBHbI€ XapakTePHCTHKH THAPOTypOuHH Hu UX OOOpy0BaHHe. 

Il. Texunueckue Tpe6oBaHHa. 

lil. Tapanrun. 

IV. Tlopsgqok npHeMKH HM rapaHTHHHble HCMbITaHHA THApOTypOHu. 
V. Cnemudpukalua noctaBKH. 

Vl. Tpe60BaHHA K KOMIJIe€KTYyIOMULeMy o6op yAOBaHHIO. 

PaccMOTpHM NOpo6HO STH pa3jeuni. 

-B neppom pa3aeie yKa3biBaeTca THI TYPOHH, XapakTepHCTHKAa NOABOAAUWIHX 
H OTBOAAIUX YCTPOHCTB, CNMpasbHOH KaMepbI H OTCaCcbIBaloOllenH Tpy6n. DuK- 
CHPyeTCH MOIMHOCTb, pasBHBaeManw TYPOHHOH MPH pas/H4HbIX Halopax, H Be- 
amuunHa O6opoToB. M3naratotca Tpe6oBaHHA K KOHCTPYKUMHN ruAporypOuuyl, 
ee KOMIIOHOBKe, KOHCTPYKUHH OTACJIbHBIX Y3JIOB, B TOM UHCIe NOAWHMHHKOB, 
HallpaBJAiomero almapata, KOJleca, XapakTep CMa3KH, HajIH4uve OOJHNOBOK 
B IIpOTOUHbIX SIeMeHTaxX TypOuHb WU T. 1. [loxqpo6Ho yKa3biBpaloTca Xapak- 
TepHCTHKa peryJIATOPHOTO OGOPyAOBaHHA, THN peryATOpa H MacJIOHaNop- 
HOH yCTaHOBKH. OroBapHBaloTCcA HaJIM4UHe Pa3sJIMYHbIX YCTPOHCTB PYy4WHBIX H 
J\MCTaHILHOHHBIX B CHCTeMe peryAHPOBaHHA, HaMUve COeAHHAIOULHX MacJio- 
IIPOBOAOB M@XKy OTIeCJIbHbIMH arperaTaMH, BeJIHYHHAa HalNpAKeHHA VIA eK- 
TPOABHXKKa HW CHTHANH3aNHH anlapatrypps. 

Ilogqpo6Ho oropapuBaeTcA XapakTep aBTOMAaTH3alHH MmponeccoB yipaBuie- 
HHA THAPOTYPOHH, YKa3bIBalOTCA 3allLHTHbIe HU CHTHAMH3aWHOHHbIe YCTPOHCTBA, 
KOTOPBIMH OHA o6opyzyerca. [Ipu HenonayKax B pabote 20JIKHA NPOHSBOMUTLCH 
aBapHHad AaBTOMaTH4ecKan OCTAHOBKa FuApOTypOuHEl. 

Bo BTOpOM pasjeme TEXHHYeECKHX yCAOBHH MOMUMO CIIe€lHaJIbHbIX Tpe6oBa- 
HHH, 3aBUMCAUIHX OT cnenHupHyeckHx YCNOBHH JaHHBIX THAPOTypOuH, OTOBa- 
PHBAIOTCA YCJIOBHA AOCTABKH AeTaseH Ha THAPOCTaHIHH WA MOHTaKa (2Kee3- 
HOMOPOXKHbIM, PCYHIM H ABTOMOOHJIbHBIM TPpaHCNOPTOM), 4TO OOyCJIOBMHBaeT 
NpeqesbHble ra6apuThl FTHAPOTypOUHH!. 

YKa3bIBaloTcaA TpeOOBaHHA K MaTepHasam qeTane rHApotTypOuH, K xapak- 
Tepy ylakOBKH H MapKHPOBKH. 

OroBapHBaloTca cieluduyeckve yCJlOBHT akcnuyaTalun TYpOHH HM Tpe- 
OoBaHHA K e€ KOHCTPyKILHH, BbITeKalougve H3 STOTO yCOBHA. 

B TpeTbeM pa3jele MPHBOAATCA WaHHble pexXHMOB paoorTbl rypOuHEI pu 
Ppa3HbIX Halopax Ha BEAHYHHY Pa3rOHHbIX OOOPOTORB, Ha BeJIH4YMHY Harpy3ku 
Ha NOANATHHKH YreHepatTopa, MepesaBaembie TYPOHHOH. YKasbIBalOTCA 3Ha- 
WeHHA K. Il. A. TYPOMHEI MPH PasHbIX HanopaxX H MOMLHOCTAX rapaHTHpyeMbix 
3ABOJOM-H3rOTOBHTeem TYPOHH. CnelvaibHoO OFoBapwBaeTcA BeMHYHHA JO- 
nyCKa Ha 3Ha4¥eHHe K. I. J. H BEJIMYHH NOTepb B MOANATHHKe OT TYPOHH H rene- 
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patopa. B 93ToM xe pa3yele MpPHBOJATCA 3HAYeHHA BBICOT OTCACHIBAaHHA 
H JOMYCTHMbIe ABJICHHA KABHTalLHH Np pa3JIM4HbIX pexuMax paOoThI. YKa- 
SbIBaeTCA TapaHTHHHAaA BeJIMUHHA, OTHOCAMLAACA K paOoTe CHCTeMbI pery.n- 
PpOBaHHA: 3HaYeHHe MAXOBOTO MOMeHTA FeHepaTopa, yBeH¥YeHHe 4HCIa O6O- 
poTOB mpH cOpocax Harpy3KH, NMOBbIMIeHHe WaBeHHA B CIHpabHOU Kamepe. 
OroBapHBaloTcA AaHHble NOABOAAMerO BOLY TpyOonpoBoya, BAMAIOUWMe Ha 
MIpOUecchl peryJIHpoBaHHA. 

B 4weTBepTOM pa3sjlene OrOBapHBaeTCA XapakTep MPHeMKH B SKCIMyaTallH1o 
rHApOTypOuH. YKa3biBaeTCA CPOK HOPMAJIBHOH GesaBapHHHOH paooThl Typ6uH, 
B TeveHHe KOTOPOrO 3aBO, rapaHTHpyeT ee 9KCIIyaTalHIwo. OropapuBaertca 
XapakTep HCNbITaHHH, KOTOPHIM MOABepraeTca ruyApoTypoOuna AA MpoBepKH 
ee NoKasaTevien. 

B NATOM pa3yele TEXHHYeCKUX YCJIOBHH MOAPOOHO yKa3biBaeTcaA WU Nepeunc- 
JSeTCA HAHMeHOBAHHe OGOPYAOBAHHA THAPOTyYpOHH NO y31aM UW ApPyruM JetTa- 
aamM. O6piuHO OGOpyHOBaHHe pa3sOnBaeTcaA Ha Y3JIbI NOCTABKH: (yYHIaMeHTHbIe 
y¥acTH, CTaTOp C 3JIEMCHTaMH HalipaBJIAlomlero allmapaTa, paOouve MexaHH3Mbl 
H M€XaHH3MbI CHCTeMbI peryJIMpOBaHHA WH KOMIJICKT 3aKJaHbIX YacTeH. OOLIMHO 
3€4B0J-H3©OTOBUTeJIb THAPOTYPOUH MOCTAaBJIAeT TO XJIEKTPOOOOPyAOBaHHe, KOTO-~ 
poe HenmocpeACTBeHHO CBA3A€HO C M@€Xa@HH3MaMH FHApoTypOuHHoro: o6opyoBa- 
Hua. OroBapuBaetcaA TakxKe TeEXHH4YeCKaA JOKYMCHTallHA Ha TYPOHHY,:-pery- 
AATOP, MaCIOHANOPHY!IO yCTaHOBKY HM IITaTHble 3alacHbie “YacTH, KOTOpHBIe 
3aBO] NepeqaeT 3aka3zuHKy. K TexXHHy¥ecKOH AOKYMeCHTALLHH OOBIYHO OTHOCATCA: 
yepTeKH OOWINX BHAOB, y3JIOBble YepTe2xKH TYPOHHEI, peryJATOpa H MaCJIOHAaNOp- 
HOH YCTaHOBKH, OOmLHe BHAbI HU y3JIOBble YepTexKH BCHOMOraTebHOrO OObOpy- 
JOBaHHA, AeTabHble paOGouve yepTexH ObICTPOH3HAMIHBalOlbHXCA .H..3aMeHAe- 
MEIX JeTalei, WacnopT woctaBsaemMoro THAporyp6uHHOTO OG6opyqoOBaHHaA, 
ONHCaHHA H HHCTPyKILWH NO 9KcMWyaTalwHu TypOuH, peryaaropa u MHY. 

B wecToM pa3fesle TEXHHYeCKHX YCJOBHH H3JlaraloTCA TpeOoBaHHA XK TFe- 
HepaTopy H yCOBHA COe@AHHeEHHA BaJOB TYpOHH K TeHepaTopy. Y Ka3bIBaloTcA 
Tpe6oBaHHA K IlyCKOBOH alnapatype SJIeKTPOABHTaTeJA, Clei\HaJIbHOMYy TeHe- 
‘patopy u SNCKTPOMBHTaTeMO IICKTPONPHBOa MaATHUKA peryisATopa, K pede 
O6opoTOB, K XIe€KTPHYeCKOH 4WaCTH CHTHAMH3aIlHOHHbIX yCTPOHCTB BHe. TYP- 
OHHI HW perysaTopa, K 3JECKTPONPHBOaM BHe TYPOHHHI, K NaHeJIAM yupaBuie- 
HHA H aBTOMaTHKH H K HX UpHOopam. JIpHBo_ATcA ZaHHble APeHaxKHbix 
HacocoB (NPOH3BONHTebHOCTb, HalOp, MOLLHOCTb), KOTOPbIMH CHaOxKeHa 
TypOuHa. YKa3bIBaIOTCA HEOOXOAMMbIe WapaMeTPbI KOMNPeCcOpoB AIA 3apALKU 
BOSAYXOM MaCJIOBO3AYWHbIX KOTIOB MHY. OrospapuBatoTca AaHHble BO3YII- 
HbIX Tpy6ompoBponoB MHY, Maca Win CHCTeMbI peryAHpOBaHHa. B STOM 2%Ke 
pa3qele yKa3biBaloTCA JAHHble PaCXOJOMePHbIX YCTPOHCTB HM 39/IEMeCHTbI yCT- 
poicTB, ycTaHaBJIHBaeMbIX B HH2KHeM H BepxXHeM Obedhax JIA HAaCTpOHKM KOMOH- 
HaTopa — 110 HaNOpy AAA NOBOPOTHOIOMACTHHIX THApOTypOuH. 





2. NOCJIEJOBATEJIbBHOCTb NMPOEKTHPOBAHHS THAPOTYPBHH 


TIpoekTHpoOBaHve HOBBIX THAPOTYPOWH OOBIYHO NPOM3BOMTCA TpeMA 3Ta- 
MaMH: 3CKH3HOe MpOekKTHpoBaHne, pa3pa6oTKa TeXHH4YeCcKOrO MpoekTa H H3ro- 
TOBMeHHe paOouHx YepTex*KeH. 


QICKH3HbIM TWpoekT 


lip cocTaBAeHHH 93CKH3HOTO MpoeKTa HOBOH YTHApOTypOHHEI OOBINHO 
galaercd CyMMapHad MOMHOCTh ru~pocranuuu ))N, pacuetHpi nanop H, 
H npeqenbl KOMeOaHHH Hanopa (/7,,, H Amax)- 

Ha OcHOBaHHH 3THX BeIHYHH Mp 3CKH3HOM MpOeKTHPOBaHHH IIPOHCXOAMT 
BhIOOp OCHOBHBIX MapaMeTpOB TYPOHHHI: ee CHCTeMa, THM HM 2WameTp padoyero 
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KONeCa, UHCIO OGOPOTOB TYPOHHEI, a TaKxKe yCTaHaBAHBaeTcaA OOnIaA KOMNIO- 
HOBKa TYPOHHEI. 

B 3aBHCHMOCTH OT Hallopa BEIOHpaeTcA CHCTeMa TYPOHHBI: NOBOPOTHOVIO- 
nacTtHan, WponmeiwepHas, pafWasbHo-oceBaA H KOBWOBaxH. Kaxklaa CucTeMa 
TYPOHHEI UMeeT NpeHMyilecTBa H HejocTaTKH. Tak, HalipHMep, TypOMHEI NOBO- 
poTHOJIONACTHEIe, TIPHMe€HAeMBIe JIA HH3KHX HaNOpoB, HaHOouee 9KOHOMHUHEI. 
BcweacTBHe JBOHHOrO peryJIHpOBaHHA HallpaBAAIOULMM anmapaToM H wsoma- 
CTAMH paGoyvero KOvleca OHH COXPaHAIOT BbICOKHe SHEpFeTHuecKHe NOKka3szaTesH 
IIpH Pa3HbIX pexKHMaX HAarpy3KH H H3MeCHEHHH Hanopa. KoodpuwvenTt noves- 
HOTO JeHCTBHA STHX TYPOHH HMeeT BHICOKOe 3HAYeHHE B WHPOKOM JMana3oHe 
Harpy3kKH. Ou aT HaHOOJIbUIy!0 BbIPaOOTKY B KHJIOBATT-4acax, NOSTOMY CTa- 
paloTCcd NPHMeHATH 9TH TYPOMHE! HW JIA MOBBIWIEHHbIX HalopoB. Onako 93TH 
TYPOWHbI HMeIOT OOJIee CJIOKHYIO KOHCTPyKUHIO; OHH Opoxwe, npoTownaar 
wacTb HMeeT O6bUIHe ra6apuTH. I]pH coopyxXeHHH NOABOAHOK YacTH rHyApo- 
CTaHILHH IPHXOAUNTCA MpOBOAMTb TpyHOemMKHe paooThi, Oco6eHHO IIpH ray6oKon 
oTcacbiBaiouleh Tpy6e: [lostomy wesmecooOpasHocTb yCTaHOBKH MOBOpOTHO- 
NONACTHOH TYPOMHbI, OCOGeHHO IPH NOBHILWeEHHBIX HaNopax, KOra MOryT TIpH- 
MCHATbCA H GOHee IIPOCThle H AelleBLle pawvasIbHO-OCeBbIe TYPOHHHI, TpeOyer 
CHeMHaJIbHHIX SKOHOMHYeECKHX NogcueTos. IIlpuH BpiOope mapamMeTpoB TypOuHbI 
pemaeTca BOMpoc HW O KOJIHUeCTBe TYPOHH, ycTaHaBJIMBaembIxX Ha TOC. Momxuo 
yCTaHOBHTb MeHbIliee KOJIMYeCTBO OO/Iee MOMWHbIX TYPOHH HH we Coupee 
KOJIHY4eCTBO TYPOHH MeHbIWeH MOMLHOCTH. OTOT BONpoc TakKe MpHxoAHTcA 
pellaTb Ha OCHOBe 3KOHOMH4eCKHX NOAcieTOB. OAHAKO MOXKHO CUHTATb ycTa- 
HOBJICHHBIM, TO C POCTOM MOILHOCTH THUApocranuhk, Kak npaByso, 6osee lese- 
cooOpagua. YeETRHOBKa Goslee MOIMHEIX TYpOHH. 

But6op JMametpa kKosleca Typ6uHE Dy, H 4YMCIO OGOPOTOB nN TeCHO CBA3aH 
¢ BEICOTOH OTCacHIBaHHaA H,. YsBemHueHHe OOOPOTOB TYPOHHI AaeT YMeHbIIe- 
Hue raOapuTos arperata (rypOuHE! HW reHepatTopa). OqHaKO 3TO TpeOyeT IpH- 


MeCHeHHA TYPOHH Cc GObWO NponycKHOH cnoco6HocThO Q; c GObIIHM KO9p- 
(PHILHEHTOM GObICTpOxogHOCTH n,. Typ6HHbI Cc GObUINM KO3ppHUMeHTOM GnIcTpo- 
XOWHOCTH OObISHO HMeIOT Conpmoli KaBHTalHOHHbIN KOS*PPUUNeHT H TpebyI0T 
NOSTOMY YBeJHYeHHA BBICOTHI OTCACLIBAHHA, T. €. OoMbWero 3arinyONeHHA 
oTcachiBaliomeH tTpy6n. B 3TroMm cayaae MpuxO_NTCA paccMaTPHBaTb 
pa3Hble BapHaHTbl HW CONMOCTABJIATb HX HA OCHOBe SKOHOMHYeCKHX NOJ- 
CUeCTOB. | | 

IIpu BpiGope cHcTeMbl TypOHHbI MOryT OKa3aTbCA WesecooOpa3sHbiMH cie- 
WHaJbHbie TYP6HHbI, HaNpHMep pH coopyXeHHH LHApoakkKyMyQIMp ylomen 
rHApocTaHivu, KOTOpaA JONKHA B NPHHWMNe OOopyxoBaTEcA WH TypOHvHaMu 
H HacOcaMH, BbINOJIHCHHBIMM pa3yzeibHO. Ho MoxKeT NPHMeHATHCA H eCHHHIA 
arperaT, KOTOPHIH cMO2%KeT pa6oTaTb He TOMbKO B TYPOHHHOM pexkKHMe, 
HO HM B HaCOCHOM, T. e. loTpeOyeTca cielHaJbHbIh OOpaTHMbIM YFHpo- 
arperaT. 

Tipu coopyenHu mpuanBHEx TSC typ6uHE! AOKHbI paboTaTb pH Mmpa- 
MOM H OOpaTHOM TeYeHHH BODHI, T. €. B 3TOM CJLydae TakxKe NoTpeOyloTca cre- 
UHaJIbHble PeBEPCHBHbIe MALIHHHEI. 

IIpu BaiOope napamMeTposB TypOHHBI NpUXOLUTCA yWHTBIBATb Takme H O]- 
HOTHNHOCTb MalllHH, TaK KaK BONpoOc CepHHHOCTH MallIHH OYeCHb BarKeH A 
OlpeyesieHHA CTOHMOCTH TYPOHHEI. OnbIT NOKa3bIBaeT, YTO MPH MpHMeHeHHH 
OOJIbIUOH CepHH OJHOTHIIHbIX TypOHH MOKHO CYMIECTBEHHO CHH3HTb CTOHMOCTb 
o6opyaoBanHa. Tak, HalpuMep, JIA OO/IbIHX HOBLIX MOBOPOTHOJIONAaCTHbIX 
rHApOTypOuH NpH H3rOTOBMeHHH cepHH H3 20 TypOHH CTOHMOCTb KaxKJON 3 
NOCJIe€IHHX NATH TyYpOHH CHHKasacb 10 CPpaBHeHHIO CO CTOHMOCTbIO HepBbIix 
TypOuH Ha 40%. IlosTomy mpu cocTaBJeHHH SCKH3HOrTO MpoOeKTa HOBbIX TYP- 
OHH MPHXOJHTCH 3AHHMATbCA BONMPOCaMH JKOHOMHYECKOLO aHasu3a Np onpe- 
JieJIeHHH CHCTeMbI TyYpOHHbI, THNa TypOHHbI, pasMepa TYPOHHbI, KOHUeCTBAa 
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MX Ha CTAHI[HH, YHCa OOOPOTOB, yCTaHOBJIeHHA THNa paOoyero Koweca H KOM- 
NOHOBKH THIpOTypO6uHHOTO O6opygsoBaHHA Ha TDC. 

PaOoTbl 10 9KOHOMHYeCKOMY aHaJIH3y OOBIYHO MpOBOAAT KOHCTP yKTOpbI 
rHApOTypOHH COBMeCTHO C MpOeKTHPOBHIHKaMH FHApocTaHHH. 


TexHH4eCKHH mpoeKktT 


Iipu paspa6orTKe TexXHH4YeCKOLO NpoeKTAa AIA 3A0aHHOH CHCTeMbI, THMa H pas- 
Mepa TyPOHHEI NPUXOANTCA B NepBylo OUepelb 3AHHMATbCA NPOTOUHON acTbIO 
MalllMHbI H pellaTb BaxKHYy!O TEXHHYeECKYWO 3akavy MpoeKkTHpOBaHHA TypOUuH 
C BBICOKHMH SHeEpreTH4eCKHMH MOKa3aTeIAMH Y MPH MaJIbIX KABHTAILHOHHBIX 
3HaYeCHHAX O C MHHHM@JIbDHbIMH raOaputTaMH O0Ka ruApocTaHiHA No wupHHe B. 
uray6une L. OqHako STH Tpe6oBaHHA NPOTHBOpeUMBHI. JI 1a NOMyIeHHA K. I. J. 
TpeO6yeTca cBOOOAHaA MpOTOUHaA YacTb TyYPOHHEI c GOmbUIHMN raGapHTamu 
O0Ka, HO OobuIHe raO6apuTsl, wHpHHa B u ray6uuHa 6n0Ka L yopoxkator 
CTPOHTeIbCTBO THApOcTaHuHH, NOSTOMY HX HawO yMeHbILaTb. Ho yMeubtitie- 
HHe pa3MepOB IIpOTOUHOM YacTH — CNHpasIbHOH KaMepHI H OTCaCHIBaIOMlen 
TpyObl — yBesIHUHBaeT CKOPOCTb TeYeHHA BOMB, yxXymaeT K. Hi. J. 

Jif YMeHbIIeCHHA 3ariyOJleHHA NOABOAHOK YacTu rHApocranlAn ‘rpe6yetca 
MeIKad OTCaCbIBalollad Tpy6a, HO IIpPH MevIKOM H3OTHYTON OTCaChiBaloMeH Tp y6e 
YXYAMaloTcd YCOBUA TeYeHHA BOLI BCJIeEACTBHE PacnoOKeHuA KOJIeHa BOIN3H 
OT KO/leCa, YBEJIMYHBaeTCA HEPaBHOMePHOCTb ABHIKCHHA NOTOKA B BbIXOTHOM 
muddysope, noTepH C OTXOAAMeH BOAOH H3 OTCAaCHIBalomeH TpyOni yBeIH4H- 
paioTcn. Ilostomy Qa TlomwyyeHuA 9HeEpreTH4eCKHX NoKasaTeeH AA Oouee 
BHICOKOO 3HaYeHHA K. I. J. Tpe6yetca 6dabmaa ray6una OTcacHBal 
TpyOb! Cc OOJIbIIMM KOJICHOM. oe 

IIpw TeXHH4YeCKOM NpOeKTHPOBaHHH HOBLIX TYPOHH OTHOH U3 BarKHbIX 
3ayau, CTOALIHX MpH MpOeKTHPOBaHHH MpOTOYHOH WaCTH, ABJIAeCTCA TULATeJIb- 
HIM SKOHOMHYeCKHH aHaJH3 pesyIbTaTOB COMOCTAaBJeHHA PasHbIX BapHaHTOB 
IPOTOUHEIX SJIEMEHTOB TYPOHH, WaloulHH pa3sHbie 9HepreTHyecKkHe HW KaBHTa- 
IHOHHBIe NOKasaTeH. 

MopMa H pa3MepbI pabouero KOseca H NpOTOUHOH U“acTH U oueprernteckne 
NokasaTeH TYPOHHBI B HACTOALee BPCMA ONPeReAIOTCA C NOMOLMIbIO aHaJH- 
THYECKHX pacueTOB H OOVIbILIHX TPYAOCMKHX HcCesOBaHHH B Aa6opaTopHuAXx 
(aspOqMHaMHueCKOH HW THApaBsMMecKOn). 

Ha cTeHawax HCCeAyIOTCA PasHble BapHaHTbl pa6ounx KOVIeC, CNHPaJIbHbIX 
KaMep H OTCACbIBaIOIHXx Tpyo. | 

B KavecTBe IpHMepa MOXKHO yKa3aTb, 4TO pH MpOeKTHPOBaHHH MOLIHOM 
NOBOPOTHOMONAcCTHOH TYPOHHbI WWIA NOMyYeHHA paOouero Koweca Ono cHpo- 
€KTHPOBaHO H HCHbITaHO B JaOopaTopHH 10 BapHaHTOB pa3HbIxX paOouwXx KoOVec. 
Uccleqopaiach OTCacbiBalolad Tpy6a pa3sHOH KOHNdurypanwnuu — rayounon 
L=2,3D,,L = 1,9D, u L = 1,5D,, u30rnHyToH HOpMaJIbHOHM KOHCTPyKUHA 
C THpOKOHOM H C HallpaBJIAIOULHMH peOpaMH B KOvIeHe. 

IIpw TeXHHYeECKOM TpOeKTHPOBaHHH TYPOHH YCTaHaBJIMBaloTCA HW OCHOBHbIe 
KOHCTPYKTHBHbIe€ CX€MbI BAaMKHEHIINX AeTaien, y3JI0OBaA WU OOmaAH KOMIIOHOBKAa 
H KOHCTPYKWHA TYPOHHHI B WeOM. KoHcTpyKIUHH riaBHeHUIHX AeTaJen H y3JI0B 
OOLMHO NPOeCKTHPYIOTCA B pa3sJIHUHbIX BapHaHTax, KOTOpbIe CONOCTABJIAIOTCA 
MexKAy co6oH. : 

IIpH S3TOM CONMOCTABJAIOTCA HE TOJbKO SHeEpreTHYeCKHe NOKasaTeH, Ha 
KOTOphI€ OKA3bIBaeT BIMAHHe Ta HAW HHAA BLIOpaHHaA KOHCTPYKUHA JeTaleK 
TYPOWHI, HO CONMOCTABJAeTCAH Bec JeTaseH M CMOCOObI H3rOTOBeHHA AeTaseH, 
cnoco6bt HX O6pa6o0TKH, TPyHOeMKOCTb H3TOTOBJICHHA, BOMPOChl TPaHCNOpTH- 
PpOBKH H MOHTAKa, CTOHMOCTh JeTasenw H TOJIbKO B pe3yJIbTaTe KOMIJI€KCHOTO 
paccMOTpeHHA STHX BOMPOCOB BhIOHpaeTCA OKOHYATEIbHAaA KOHCTp YKUMA yeta- 
eH, y30B H TYpOHH B WeJIOM. 
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Hanpumep, IpH TEXHHYeCKOM TpOeKTHPOBaHHU MOMLHOH NOBOPOTHOMONACT- 
HOH TYpOWHEI paspaOaTHIBaOCh pa3JIHUHOe KOJIMYeCTBO BapHaHTOB y3J10B 
Ty pOHHBI. 

1. Pa6ouee KOeco c pa3HbIMH CXeMaMH MeXaHH3Ma NOBOpOTa — iIecTb 
BapHaHToB. 

2. Koucrpykiua Basia TYPOHHbI paspaOaTHiBasiacb B ABYX OCHOBHBIX BapH- 
aHTaX: HOPMA@JIbHOW KOHCTPYKIHH C LeIbHOKOBaHbIMH laHwaMy XH G6e3 cbrau- 
eB. Kpome Toro, paccMaTpHBaJICA BapHaHT CAMHOFO Balla TypOMHbI H TreHepa- 
Topa. 

3. Hanpapasromui annapat B ueTHIpex BapHaHTax: HOPMAJIbHOH KOHCTPyk- 
UHH C PaCONO%KeHHEM CepBOMOTOPOB Ha KpbILIKe TYPOMHBI H C HHAMBH Ly asib- 
HbIMH Ce€pBOMOTOpaMH. 

4, DMyHaMeHTHble 4YaCTH NPOeCKTHPOBaJIHCb B Tpex BapHanTax. 

9. HogmwunHuKk paccMaTpHBadicA B TpeX BapWaHTaX: MaCJAHOR H BOLAHOL 
CMa3KH, HOPM@JIBHOH KOHCTPyYKWHH, paCNOJOKeHHbIM Ha KOJIECOM TYPOHHBI 
H HHxKe pabouvero KOJIeca Ha Cela bHOH KpeCTOBHHE B KOHYCe OTCachiBalolmeli 
TpyOpl. 

B Kauectbe ele OMHOTO IIpHMepa MOXKHO YKa3atTb, YTO IPH NpoeKTHpoBaHHH 
KOHCTPyYKUHH KpynHehmen eTaW cTaTopa MOBOpOTHOMONacTHOH TypOuHnH, 
HMMeroureH Hap yKHbIN raOapuTHbIH WHametTp 14 mu Bec 166 m, paccmaTpuBanHch 
HM CONOCTABAJHCb CJleyIoulHe KOHCTPYKIHH: 

AHTOK cTaTop H3 8 CerMeHTOB; 

cTaTop 6e3 HHKHero O6ONa C IPHBApeHHOH OGJHILOBKOH; 

cTaTOop C TpHBapeHHbIMH OOTeKaeMbIMH OMOPaMH; 

CBapHO-JHTOH cTaTop C IIPHBapeHHLIMH peOpHcTLIMH onopaMH Cc HWDKHeli 
OOJIHUOBKOH. 

Jin KaxkOro BapHaHTa NOMHMO pa3paObOTKH KOHCTPyKIUHH TOACUUTHIBA- 
JIMCb: 

Bec TOTOBOH JeTasIH H 3afOTOBOK; 

_ TPYMOeCMKOCTb H3TOTOBJICHHA Ha pa3HbIX CTanKax — KapyCe/IbHEIX, pacrou- 
HbIX KOJOHKaX H 1podem o6opy0BaHHH; 

TPYHOCMKOCTb Py4HbIX paooT Np H3rOTOBJICHHH Ha 3aBO7e H BO BPeMA MOH- 
Taka; | | 

pacxoy, 37eKTPOAOB; 

CYMMapHad CTOHMOCTD; 

HK H3FOTOBeHHA eTamH Ha 3aBOJe H WMKA MOHTaxKa. 

Bce 9TH JaHHble, a TAKKe BOMPOChI HOBH3HbI KOHCTPYKUHH, Haex*KHOCTH ee 
SKCIMYyaTalul aHaJIM3HPOBaJIHCb HW COMOCTAaBJAMHCb MexkyYy co6on. B pesyub- 
TaTe BCeX STHX COMOCTaBJICHHH BHIOHpaJICA OKOHYATEJIbHBIN BAPHaHT KOHCTPYyK- 
WH. Tak Kak 3JIEMeHTbI NPOTOUHOH WacTH BCeXx BapHaHTOB CTaTopa ObIIH HeH3- 
MCHHbI, TO BONPOCbl SHepreTH4eCKHX NOKasaTevieH He ConocTaBAnuch. Lpy- 
THM IIPHMe€pOM MOKeT CJ Y2KUTB pa6ouee KONecO palvasbHO-oceBoi TypOHHEI 
¢ BXOJHbIM JHaMetpoM D, = 5,5 m, pa3BuBalonjee MOIHOCTh N = 225 000 Kem 
pH Hanope H = 100 m (raOaputTbl Komeca 6X 2,7 m, Bec cBbIIe 100 m). 

IIpu cocraBsleHHH TeXHHYeCKOrO Mpoekta pa3pa6aTbiBatHch cule ty 1oulHe 
BapHaHTbl Kovleca: 

UeIbHOJIHTOe HEpasbeMHOe KOVeCO; 

KOJIeCO H3 AByX 4aCTeH, CO CBapKOH NOJIOBHH, ocymectBuAeMoti Ha MOH- 
Taxke, TO BepXHeMy H HHXKHeEMy OOOJaM; 

KOJIeCO H3 JBYX YacTeH, coeMHHAeMBIX GOTaMH no BepXHemy O60jly H cBap- 
KOH Ha MOHTaxe 110 HWKHEMY oooxy; 

KOJIeCO H3 ABYX 4acTeH, COCQHHAeMBIX OOJITAMH 110 BepXHeMy ooony H Oan- 
AaxKOM 10 HH2KHEMY; 

KOJIeECO H3 JIBYX YacTeH, COPMMHAeMBIX OaHakKaMu 110 BepXHeMy H HHKHEMYy 
o6ojaM. 
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PaccMaTPpHBaJICH BapHaHT C OKOHYAaTeIbHOH OOpa6oTKOH Ha MOHTaxe, 
Tak Kak Np CO@HHEHHH NOJIOBHH KOJIeCa Ha 3aBOJe OHO CTAHOBHJIOCb HETPaHc- 
nopta6eibubim. IlostomMy nmpelycMaTpHBalocb coopyxeHHe MexaHOo-c6opo4s- 
Horo exa Ha THApOcTanHwHH, O6OPyAOBaHHOTO COOTBETCTBYIOINMMH CTaHKaMH 
AIA OKOHYATEIbHOK OOpaboTKH KOJIeCa Ha MOHTAXe H IIeEKTPOMeublo WIA Tep- 
MooOpaOoTKH Nocwie CBapKH. 

/lia CNpOeKTHpOBaHHbIX BapHaHTOB ONpeleANHch WM MOACUUMTHIBAHCb: 

Bec TOTOBOH eTasiw H Bec 3arOTOBKH; 

CTOHMOCTb 3afOTOBKH IOJIOBHHbI KOweca; 

Bec H CTOMMOCTh JleTaJeH JIA COCAHHEHHA MOJIOBHH KOvleca (Kpemex, 6aH- 
aK, CBapka H T. M.); 

3aTPpaTbI TPya Ha OKOHYATEbHYIO OOpaboTKy KOeca HW Ccoeq_MHeEHHe NOJO- 
BHH MexKy co6onH; | 

CTOHMOCTb OO6pa6oTKH KoOveca; 

HeBOSBpaTHMbie 3aTpaTbl Ha OO6OpyAOBaHHe H Tipucnoco6senue AA OOpa- 
OOTKH CONPALTaIOulHXCA MOBepXHOCTeH KOJIeca Ha MOHTaxke HU TepMoobpaborTKe; 

MNOJIHaA CTOHMOCTb KOJIeca C y4YeTOM HEBOSBPaTHMBbIX PaCXOJOB; 

Jia BC€EX BAPHAHTOB COCTABJAJICA WHKAIOBOH rpamuK H3roTOBJIeHHA KoOvec. 

IIpH comocTaBAeHHH BapHaHTOB YUHTHIBAJIMCb TaKKe BOMPOCh! HalexKHOCTH 
KOHCTPYKUHH KH TOWHOCTh NOMyYeHHA HeOOXOAHMOH KOHUrypallHH -mpeTor- 
HOrO TpakTa xkovieca. 

OTH IIPHMePbl HJIJOCTPHpyIOT XapakTep paOoTbl NO TeXHHKO-3KOHOMH4EC- 
KOMY aHaJIH3y, KOTOPbIM HAO 3AHHMATbCA IPH TEXHHYECKOM MpOeKTHPOBaHHH 
HOBLIX KPYNHbIX THApoTypOun. 


PadounH MpoekT 


IIpu pa6ouem nmpoeKTHPOBaHHH COCTaBAAIOTCA paGouve 4epTexH Hanbouee 
pallHOHaJIbHOH KOHCTP yYKILHH, KOTOPble HMeJIHM Obl NPOUHbIe Pa3MepbI, MAHUMAJIb- 
HbIe Beca H HaWOovlee MpocTy1o TexHOorHyueckylo dopmy. TujaTebHOe mpoBe- 
leHve pacueTOB H BCeCTOpOHHee HcceqOBaHHe MOJeeH THApOTypG6HuH B 1a6o- 
PpaTOPHH Ha Pa3JIHGHbIX CTEHAAX NO3SBOJIAIOT ONPeAeHTb ONTHMAJIbHY!O (pPOpMy 
MpOTOUHOH YaCTH TYPOHHbI: CNHPabHy!O KaMePy, HAalpaBJIAIOMIHH annapar, 
popu MOMNacTeH pa6ouyero Kovieca, Kamepy paOouero kOvleca, OTCACbIBaIOLyIO 
TpyOy. | 

‘Ha ocHope pa3pa6oTaHHOH OopMbI BceX 9JIEMeHTOB MIpOTOUHOH 4acTH Typ- 
OMHEI IPOHSBOAHTCA KOHCTPyHpoBaHHe JeTaleH JeCHCTBUTeJIbHOH TYPOHHHEI. 

IIpH co3qaHHH KOHCTPyKUHH OTeJIbHbIX JeTasleH H y3JIOB MaLlIMHbI OCHO- 
BHIBaIOTCA Ha ONbITe PaOoTH! NpexHHX MA@llIMH, YYHTHIBAIOTCA SKCIIyaTalHou- 
HbIe CBOHCTBA padoTaiolmleH MALIHHbI, COBEPINeHCTBYIOT MeXA@HH3MbI HW y3JIbl 
MalllHHbI. 

B npomecce NpoeKTHpOBaHHA TYPOHHEI YAHTLIBAIOTCA BOSMOXKHbIe CpeCTBa 
NPOHSBOACTBA, ITOObI OOpaG6oTkKa Obiwia Npome, a WHKJI H3rOTOBJIeHHA HahHbomee 
KOPOTKHM; Y4HTHIBAIOTCA TaK2Ke BO3MOXKHOCTH TPaHCNOPTHpOBaHHA JeTaen 
Ha M€CTO MOHT@2Ka, BO3MO2KHOCTH NOJIYYEHHA 3arOTOBOK; Ip 9TOM CTPeMATCA, 
YTOOLI BEC MeTAJa, 3ATPaYeHHbIH Ha THAPOTypOuHb!, Obl] HAMMeHDIIMM. 

OcHOBHBIe JeTaJIH MOMHbIX THApOTypOuH HMeIT GoubuIHe raGapHTH! H COX- 
Hy!0 opMy. [losToMy O¥eHb BaxKHbIM CTAHOBHTCA MPH KOHCTP YHpOBaHHH JetTa- 
eH 1paBHAbHbIM BEIGOp 3aroTOBKH. Baxkuno, 4TOObl dopMa 3arOTOBKH MaJIO 
OTMHUaNIaCb OT POPMBI FTOTOBOTO H3AeJHA, YTOOLI MCHDIUWe MeTAaJIa NepeBOAHTb 
B CTpyXKKy. ONbIT NOKa3bIBaeT, UTO HapAAY C WeJIbHOMUTHIMH JeTasAMH pa- 
IMOH@/JIbHbIM OK@a3bIBaeTCA TIPHMeHeHHe COCTABHBIX AeTaieH: CBapHO-JIMTHIX, 
CBapHO-KOBaHBIX H CBapHbIX H3 JHMCTOBOrO HW COPTOBOTO MeTAJIJIOB. 

KakylO KOHCTPYKUHIO 3afOTOBKH JeTasH NpHMMeHHTb — MpHXOAHTCA pe- 
WaTb HA OCHOBe TEXHHYECKOTO H SKOHOMHYECKOLO AHAaJIH30B C NOACUeTOM TPy- 
NOeEMKOCTH HM CTOHMOCTH OO6paOoTKH JeTateH Ha cTaHKax. MyHorga BaxKHbIM 
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(baKTOPOM ABJAIOTCA BOSMOMKHbIC METOZbI OOpa6oTKH AeTameH, MUKTyempie 
CYIeCTBYIOLJHM Map KOM OOop yOBaHHA WeXOB H rp y3OHOAbEMHBIMH CpeCTBaMH. 
Wnorga cTaHoBHTcA Wenecoo6pasHoH ycTraHOBKa HOBOrO O60pyAOBaHHsA; Tak, 
HanpuMep, pH co3ssqaHHy OosbuIOH cepuHH TypOuH ANA BosKcKux ruypoctan- 
HH B pe3syJIbTaTe TEXHHKO-9KOHOMHYECKOLO aHaJiH3a Oblla yCTaHOBeHa Lene- 
coo6pa3HOCTh HpHMeHeHHA ClellHaJIM3HpOBaHHbIX CTAHKOB JIA O6pa6boTKu 
pata feTaneH, H3SroTOBeHHe KOTOPbIX Ha YHHBePCaJIbHbIX CTaHKax 6bINO0 
CAMIMKOM HelpOH3BOJHTeJIbHbIM. 

Hosple cTaHKyv AA o6paboTKH HalpaBJAIOMUX AONATOK, Wand monacreit, 
MOBepXHOCTeH OMacTeH, KOpiycoB paOouuHx Kovec H Apyrux yeraneh Ouumv 
CO3aHbl CTAHKOCTPOHTeJIbHOH TPOMBILIJCHHOCTHIO- H BHeAPeHI B rHAporypO6uH- 
HOe MPOH3BOJCTBO. 

[Ipu pa6ouemM MpoeKTHpOBaHHH BaxKHbIM ABJIAIOTCA PaOOTH NO yTOUHeHHIO 
aHAJIHTHGeECKHX PaCUeTOB HW SKCHEPHMeHTAVIBHbIe HCCeEAOBaHHA Ha IIPOWHOCTb 
heTaneh TypOuH. Tak Kak 6071blI0e KOMHYECTBO AeTAIeH THAPOTYPOUHEI HMeer 
CJIOKHYIO POPMY H He MOMAalTCA TOUHOMY aHAaJHTHYeECKOMY pacuerTy, TO Aisa 
CO32aHHA yTOWHeHHOTO MeTOa PacueTa IPH NpOeKTHPOBaHHH HOBLIX TYPOHH 
IIpOBOAAT HecAeAOBaHHA C MOJeIAMH eTaJlen , NO3BO.IAIOILHe 9KCNeEP AMCHTAJIbHO 
ONpeweauTh HaNpaAXKeHHA B HUX. OTH paOoTh! HMelOT HEMOCpeACTBeEHHOE OTHO- 
mene K YHeWIeBIeHHIO CTOHMOCTH TYpOHH, Tak KaK H3yyeHHe xXapakTepa H 
BeEJIHMGHHEI JeHCTBYyIOMNeH Harpy3KH H YTOUHeHHe HalpsAxKeHHOrO COCTOAHHA 
JleTasieH B peaJIbHbIX 9KCUMyaTaWHOHHbIX YCJIOBHAX C yYeETOM IIPHCOeAHHeEHHbIX 
yeTayieH NO3BOadeT GONee TOUHO Ce PaCCUHTATh H, CJIELOBATeIbHO, MOXKHO 
YMCHDILUHTb 3anac NPOUHOCTH H NOJYIHTb MCHbHIHA BEC AeTaseH, T. e. cIpoeKTH- 
poBaTh Typ6uHy 6osree Jemesoh. Wem Gonee MomHad H KpynHOraGapHTuan 
TYpO6HHAa, TEM 3TH BOMPOChI CTAHOBATCA GOulee AKTYAJIbHbIMH. : 

B KayectTbe IIpHMepa yKaxkem Ha Kopriyc pa6ouero Kovieca NOBOPOTHOONAacT- 
HOH TypOuHbI, HMelomero Bec 8) m. DTa JeTaIb ABACTCH CJIOXKHOH Kak M10 
cbopMe, TaK H NO xXapakTepy paOoTnl. Ona Harpyxena COKHOH CHCTeMOH 
BHEHIHHX H BHYTPeHHHX CHJ. ITpoBeqeHHbie 3KCHepHMeHTLI C MOJeAAMH KOp- 
Myca NOSBONHIH YCTaHOBHTb He TONbKO pacipexesenve HalpsAxeHHH B Ceue- 
HHAX JeTaseH H ReopMalluH, HO H BAMAHHe PYyrux MpHCoeqMHeHHEIX JeTaei. 
OTH JAHHble NO3BOJIHJIH BLIOpaTb paBHJIbHylO KOHCTPYKUHIO Kopnyca pabo- 
yero Kovleca. 

OnbiT co3qaHHa MOILHBIX rHApOTYPOuH CBUJeETEIbCTBYeT O TOM, YTO OUCH 
BaxKHbI HCCeAOBaHHA HAaPAXKeHHOFO COCTOAHHA JeTameH HaTYPHbIX THApo- 
TYPOHH B yCJIOBHAX 9KCIVIyaTauHn, Tak KaK Mp STOM YaeTCA Y4ECTh HE TOJIbKO 
BAHAHHe NpPHCOeAHHeEHHbIX JleTaieH, HO H XapaktTep paclipewejieHuHaA evict- 
BY!IOWHX Harpy30K B CJIOKHBIX YCMOBHAX Pa3/IHUHbIX 9KCIMYAaTAalWHOHHbIX 
pexKHMOB — IIPH HOPMaJIbHOH paOoTe, NpH H3MeHeHHH Harpy3KH B Wporecce 
peryJIHPpOBaHHA, Np cOpoce Harpy3KH BIVIOTh JO BHIXONa TYPOHHBI B pa3sroH. 

[ip anasuse pasM4HbIX BapHaHTOB KOHCTPyKIMA NpHXOMHTCA paccMarT- 
PHBaTb H YUHTHIBATb CM@XKHbIe OTPAaCJIH NPOH3SBOJCTBA. 

KOHCTpyKILHA 3arOTOBOK Bala, AOMacTH pa6oyero KOsIeca H Apyrux eTa- 
JleH OKa3biBaeT BIIHAHHe Ha padoTy MeTaJJIyprHuecKHX 3aBO0B. Tak, HalipH- 
Mep, U@IbHOKOBaHbIM TYPOHHHHIH BaJl UHCTAIM Becom 75 m TpeOyeT 6oOJIbILIHX 
NOKOBOK H OMpeeJIeHHbIX KOBOUHBIX CpeACTB HpOH3SBOACTBAa, COCTABHOM CBap- 
HOH Basl TpeOyeT Apyrux Gosee MpoOcrEIxX 3arOTOBOK, KOTOpsie MOPyT ObITb 10- 
JYYeHbE pH Oosee UpoctoM O6opyNOBaHHH MeTAaJypruyeckoro 3aBosa. 
Ecau KOHCTPYKTOP MPHMeHHT WebHOMUTY!O NONMACTb pa6ouero KOuleca H3 
Hep2KaBelomleH CTaJIH UMCTbHIM BecOoM 20—25 m, TO MeTaJJ1ypraM NpHxXOAHTcA 
pewaTb Oovlee COKHbIe 3afay [IA UX OTJMBKH, 4eM B TOM Cly4ae, CCH J10- 
nacTb OyfeT 43 OObMHOH HAH MA@AOJIErHpOBaHHOH cTadH, OOMHWOBaHHOH 
JIMCTaMH 43 HepxKaBeromeH ctaH. [IpH co3qaHHvH HOBOH CHCTeMbI peryAHpoBa- 
HHA THAPOTypOuH Cc DIeEKTPOrHApaBMMYeECKOH CXeEMOH IIPHXOMUTCA JIIEKTPOTeX- 
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HHYeECKOH MPOMbILIJICHHOCTH CO3ZaBaTb HOBbIe NpHOophl, alnapath. Cnueqosa- 
TCJIbHO, IPOeCKTHPOBaHHe HOBbIX THAPOTYPOHH OKa3bIBaeT HeTOCpeACTBeHHOe 
BIIHAHHeE Ha CMe2XKHOe MPOH3BOACTBO HU TpeG6yeT pelleHHA COOTBETCTB y1ONLHX 
TEXHHYECKHX 3afau. 

YcTaHOBJeHHe BEAHYMHLI pasrOHHbIX o60poToB TYPOHHbI HW MpoeKTHpoOBaHHe 
COOTBETCTBYIONINX MPOTHBOPa3rOHHHIX YCTPOHCTB TeCHO CBA3AHBI C KOHCTPyK- 
uveH rPHAporenepaTopoB H HX TeEXHHKO-9KOHOMHUeCCKHMH MOKa3aTeAMH, Tak 
Kak BeJIMYHHA PasrOHHbIX OOOPOTOB TYPOHHHI BJIMAeT Ha Ppa3MePbI poTopa rene- 
paTopa, YBeHYHBaeT HJIM YMCHDIUIaeT erO pa3Mepbl H BEC, a CJIENOBATeIbHO, 
H CTOHMOCTh rHporeHepatopa. Tak, HallpHMep, CHHKeHHe Koadpulveuta 
yroua c 2,1 yo 1,6 MoxeT CHH3HTb Bec poTopa renepatopa Ha 30%. 

Cnenuanpnoe YCTpOHCTBO B CHCTeMe peryJIMpOBaHHA, OMycKalomee Ty 
WIM HHYIO BeJIMYHHY pasrowa, TaKHM OOPa30M, OKa3biBaeT HEMOCpeCTBeHHOe 
BAHAHHe He TOJIbKO Ha TypOHHy, HO H Ha renepaTop. 

B saks10ueHve MOXKHO CleMaTb BLIBOA, YTO MPH MpOeKTHPOBaHHH MOMTHOH 
rHApoTypOHHEI HEOOXOAHMO KOMIVIeKCHO pellaTb cueqyloulHe Bompocn [51 J. 

1. Co3qaHHe NpOTOUHOH 4acTH MaILIHHbI C BbICOKHMH sHepreruyecKuMy noKa- 
3aTeJIAMH. 

2. KoHcTpyHpoBanHue UW cOo3qaHve NpPOUHOH, HalexKHOu KOHCTPYKUMH neva- 
eH TYpOWHbI. non 

3. Co3qaHHe CXeMbl peryJIHpOBaHHA HW MeXaHH3MOB BCHOMOTaTesIbHOTO 
o6opyHoBaHHa. 

4. [IpousBogzctBo Typ6HH Cc NOMOLIbIO HaHGouee PallHOHAJbHbIX TeXHOJIO- 
ruyecKHX IIPHeMOB, odecnewHBalonlux HaHOosee Hpoctoe dopmMoo6pa30BaHHe 
JeTaneH C MHHHMAJIbHOK HX OOpa6oTKOH Ha CTaHKaXx. 

Bce 3TH 3a2a4H B3AHMOCBA3AHbI, HW Np pOeKTHPOBAaHHA | “Typ6uH OHH 
peulaioTCcA C MOMOIbIO aHaJIH3a pacyeTOB H JKCIePHMeHTAJIbHO-HCCIeqOBa- 
TeIbCKHX Pa6OT Ha OCHOBe HOBeHWIHX AOCTHKeHHH HayKH. 

YAeCIbHBIH Bec TOH HIM HHOH MpOOMeMbI yBeIHUMBaeTCA B 3ABHCHMOCTH 
OT NMapaMeTpOB TYPOHHbI H UX KOMHYeCTBa. Tak, HallpHMep, pH co3qaHHu 
HOBLIX THNOB TypOHH HaHvOouee AKTYAJIbHbIM OyAeT BOMpOC NOMyYeHHA BbICO- 
KosppeKTHBHOH NpoTOUHOH yacTuH TypOuHE. [Ipu 6ompuioh cepuHu Typ6nH 
YBEIMYMBaeTCA KOJHYECTBO BONPOCOB, CBASAHHBIX C TEXHOJOTHYHOCTHIO 
KOHCTPYKILHH H BOMNpOCcaMH HX MpOH3BOACTBA. 

0. IIpH KOHCTpyHpoBaHHH FuapoTyp6uH caelyer oco6oe BHHMaHHe OOpa- 
WaTb Ha yJIyUMeHwe UX SKCIyaTallMOHHbIX CBOHCTB B OTHOII€HHH KaBHTa- 
IHOHHOH HW .3PO3HOHHOH CTOHKOCTH. 

Bee eTasiu, NOJBepKeHHbIe KaBUTallHH WH 2POSHOHHOMY HCTHpaHMN, cue- 
AyeT IIPO€KTHPOBaTb TaKHM OOpa30M, Y4TOObI KaBHTaWHOHHble paspylieHHa 
B M@XKPeMOHTHHIN TepHoy (8000—10 000 4) Moran ObITb ycTpaHeHbI Ha MECTe, 
6e3 pas6opKu arperata. Llenecoo6pa3Ho NpHMeHeHHe KaBHTANMOHHO-CTOHKHX 
MaTepHaJIOB, BCerqa YMeHbIUaIOulHxX aOpa3sHBHbIH H3HOC. OpPeKTHBHbIM AB- 
IA€TCH YMeCHbIMeHHe CKOpOCTeH B-IIPOTOUHOH YaCcTH TYPOHWHbI, TaK Kak aOpa- 
SHBHBIM H3HOC NpOnopuhoOHaseH KyOy OTHOCHTebHOH CKOpOCcTH. BecbMa Levie- 
coo6pa3HO TIPHMeHeHHe CbeMHBIX OOJHILOBOK H3 H3HOCOYCTOHYHBHIX cTaJleH 
Ha HeNOJBHXKHBIX JJIEMeHTAaX MPOTOUHOH YacTH TYPOHHbI, NOABeprarwuluxca 
kKaBHTaWHOHHOMY pa3spylieHHio. Ecaw CbeMHOCTb OOeCNe4HTb TPYyAHO, TO 
cleqyeT IPHMeCHATb OHMETAJII C NOBBILICEHHOM H3HOCOYCTOHUYMBOCTbIO MIakH- 
pOBaHHOrO cog. CiieqyeT MAKCHMAJIBHO O6eEF4HTbh yCIOBHA COOPKH, MOHTaxKa 
H pas360pKH y3/I0B TypOHHbI Aa pemonta [73, 100], npexbaBaATb NOBbIMIeCHHBIC 
TpeOoBaHHA K YHMCTOTe NOBePXHOCTH JeTasleH NpoTouHoH uacTH. I]pumMenenve 
pasIHYHBIX OPraHH4YeCKHX NOKPbITHH (MMaCTMACCHI, aKH, CMOJIbI H T. 0.) N0Ka 
HeappeKTHBHO. 

[Ip cosqaHvH KOHCTPYKUHH JJIeMeHTOB TYPOHH HW YCTAHOBJICHHH JJIMTeAb- 
HOCTH HX HeNpepbIBHOH paOoThI C/leqyeT HMeTb B BHY, WTO KalUTa/bHbll 
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PEMOHT THApOTYPOMHH! OObIUHO MpOHSBOAMTCA OHH pas BD ser (15 000— 
20 000 4). 

IIipu spi6ope BapHanta TypOWHbI HAO YYHTbIBATb Ce 9KOHOMHUECKYW 92p- 
(beKTHBHOCTD, T. €. IPHHHMAaTb BapHaHT, IPH KOTOPOM TpeOyrloTca HaHMeHBUINe 
KallHTaJIbHble BJIOKeHHA MPH HaHMeHbINeH CeOeCTOHMOCTH NpOAyKINHH. 

IIpu stom sdceKTHBHOCTh HOBOFO BapHaHTa CleqyeT CpaBHHBaTh C IpHHA- 
TbIM HCXOJHBIM 6a3HCHbIM BapHaHTOM, KOTOPbIM MOXET CJIYKUTb CyMecTBYIOMLaA 
BbICOKOKaueCTBeEHHaA TYpOHHAa OTeueCTBEHHAaA HH 3apy6exnasn. 

Kospunnent 9KOHOMMUCCKOH odpekTHBHOCTH E ompeyeisetecna m0 cuye- 
Ayromeu mopmyvie: 


_ Co—Cn _ 1 
E= fo =a, (I1I.1) 


rye T — cpok okymaemoctTH; 

Kn Keg — KalliTaJlOBJIOwKeHHA pacCMaTPHBaeMOro H Oa30BOrO BapHaHTOB; 

C,, Ce — ce6ecTOHMOCTbh paccMaTpHBaemoro H Oa30BOrO BapHaHToB. 
TIonyuenupie 3HaueHva EF wan T He JOUKHbI NpeBbIllaTb HOPMAaJIbHbIe 3Haye- 
Hua E, u 7,, YCTaHOBJeHHbIe Ha ONpeseeHHbIH Nepvor (B 4YaCTHOCTH, WIA 
1966—1970 rr. JIA SHEPreTHKH pekomMenyAyetca F, = 0,125; T, = 8 ‘er). 

ConoctTaBJleHHe HOBOTO BapHaHta c 6a3HCHbIM MOXKHO BeCTH HM Yepe3 Tak 
Ha3bIBaeMYy!O 3aMelLalOlly!lO TeMJIOByIO KOHJCHCalWHOHHY!O 2JJIeKTPOCTaHILHND. 
B 3TOM ciy4ae CpaBHHBaloT CTOMMOCTDH BbIPAOOTKH 9HEPIHH paccMaTpHBaemMoro 
BapHantTa TypOWHEI Cc 3aTpaTaMu, KOTOPbIe Halo Ob1I0 ObI MOHECTH Ha yCTAaHOBKY 
JONOJHHTeJIbHOH TeMJIOBOH KOHJCHCaLHOHHOH SNEKTPOCTAHUMH AIF BbIPa6OTKH 
TOH Ke SHEPrHH. 


3. TEXHOJIOFHYHOCTb KOHCTPYKLIMH 
HM BECOBbIE MOKA3ATEJIM THJPOTYPBHH ~ 


HsroTropsenHe KpynNHOH TypOuHbI TpeOyeT NPHMeHeHHA pasHooOpa3HOro 
CTaHOUHOTO OOOPyAOBaHHA, a KOHTPOJIb Ka4ecTBa H TOUHOCTH OOpaboOTKH 3a4Aa- 
CTY!IO TPyeH BCeACTBHe G6ObUIHX pa3MepoB H Beca JeTaseH. 

Kpome Toro, 10 XapakTepy KOHCTPyKUHH KpynHaa ruzpotypOuna He MOXKeT 
ObITb Ha 3aBOJe WeHKOM cOOpana H UCHbITaHa. STO OOCTOATEbCTBO MOBbILAeT 
TpeOoBaHHA K Ka4eCTBY HSTOTOBJICHHA JeTaleH H y3JIOB H YCJIOMHAeCT TeXHO- 
uorHio mpousBorcrsa [17]. 

O6Opa6oTkKa Ha CTaHKe TaKHX KpynHoraOapuTHbIX JeTaleH, Kak, HaNpumep, 
cTaTop Typ6uHE BosmxcKkoh T2C (Becom 175 m), Kpbmika sTOH Ke TyPOHHDI 
(BecOM 53 mm), KOpliyc paOouero Komeca (BecoM 85 m), BepxHee KOJIbILO HalipaB- 
Adioulero alnapata (Becom 70 m) u Ap., 3a4acTylo NpescTaBsaeT co6bok c10x«- 
HYIO npo6emMy Kak MO TeXHOJIOrHH, Tak H M0 Tpebyemomy JIA STOTO ocnamle- 
HHIO H OOOpyAOBaHHW. 

Takue, Kasalocb Obl, He 3acayKHBalONLHe OcOGoro BHAMaHHA onepalun, 
Kak HeOOXOAHMOCTE NOJHATh KAaKy10-JIHOO H3 NepeU4HCJIeHHbIX MeTalenh WI 
NepeBepHYTb ee, HIM NPHCOCAHHUThb OAHY NOJIOBHHY AeTaJH (HH WacTb) K Apy- 
rou HT. ., Ha C€MOM Jee TpeOyloT NosYyac OOMbUIHX 3aTpaT Tpyda, HamH4nA 
3HAYUMTeEJIBHBIX MPOH3BOACTBeHHBIX NWwowawen, 3a4uacTylo UpHMeHeHHA cre- 
ILHaIbHbIX Ipwcnoco6seHHH H BLICOKOH KBaJIMQUKaLHH HCHOJHUTeeH. | 

PasmerTkKa, yCTaHOBKa Ha CTaHKe, BbIBepKa H T. N. OlepallHu, He CylecTBeH- 
Hble JIA MeAKUX eTaseH, OKa3bIBalOTCA BECbMa TPpYMOCMKHMH JIA OYCHb Kpyli- 
HbIX HeTaseH, AePOPMUpPYIOWULHXcA NO AeHCTBHeEM COOCTBeEHHOrO Beca. 

CiIO2KHbIe BOMPOChI Hao pelilaTb H B CBA3H C H3MepeHHeM JeTaseh OoAbLWHX. 
pasMepos, KOTOpoe TpeOyeTCA BbINOJIHHTb IIpH. OOpaboTke c BbICOKOH TOU- 
HOCTbIO, TaK Kak IIPH 3TOM HMeeT OOJIbINOe 3HaYeHHeE HW TemMMepaTtypa, H Bec 
H3MePpHTeJIbHOTO HHCTPYMeHTAa, WH HCKYCCTBO H3MepsArOulero H T. J. 
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Bompocbl KOHTpOJIA MaTepHaJIOB TAKKeE I1peACTAaBJIAIOT HEMAJIbIC TPYRHOCTH. 
MarepHaJI B OrpOMHbIX JeTasAX, C KOTOPbIMH MPHXOAHTCA HMETb Jeo B rHgApo- 
TYPOOCTPOeHHH, OKa3bIBaeTCA HEOAHOPOHbIM B Pa3HbIX WaCTAX OTMMBKH HW TO- 
KOBKH, NOSTOMY HYKHO 3apaHee UPaBHJIbHO ONPeNeMATh MECTO, OTKya BbI- 
pesaTb OOpa3libl MeTaJla JIA BCECTOPOHHHX HCHbITaHHH C TeM, 4TOObI STH 
MCNbITaHHA BO3MOXKHO TOMHO XapaKkTepH30BaH KauecTBO BCeH feTamu. He 
MeHbIIYyIO CIOXKHOCTH NpeACTaBAeT OOHAP yKEHHE B METAaJe Pa3JIMUHbIX CKPbI- 
ThIX MOPOKOB — TPellHH, PaKOBHH HT. I1., a TAKKEe H3bICKAHHE METOJOB HCIIpaB- 
JQHHA STHX MOPOKOB. 

CileJOBaTeJIbHO, IIpH IIpOeKTHPOBaHHUW KPYNHbIX THAPOTypOHH HU UX JetTa- 
eH O6A3aTeEIbHO HAO YYMTHIBATh PacnoNaraeMble CpeACTBa H MeTOAbI NPOH3- 
BOACTBa H CO3aBaTb BbICOKOTeEXHOJIOrH4eCKHe H B TO Ke BPCMA MeHEee METAJI- 
JOCMKHeE KOHCTPYKUHH JeTaleH TypOuHbI. B IpHHuNne Bcerga KelaTebHO 
YMeHbIUeHHe pas beMOB KPYNHbix JeTasieH. Ho, c Apyrow cTopoubl, pacuseHe- 
HHe KPyMHbIX 3afOTOBOK Ha Npocthle AeTaW NO3BOMAeT OKOHYATEMbHOe POpMO- 
o6pasoBaHue 3afOTOBOK MpOH3BOAHTb B 3arOTOBHTeJIbHbIX WeXax Cc NocMelyIHo- 
WeH MHHHMaIbHOH OOpa6oTKOH Ha MeTaJJIOpexKyWIHX CTaHKax, T. e. dopMa 
3arOTOBKH TIpHOMxKaeTcA K topme roToBoro u3szenHa [48]. 

IIpHMeHeHHe CBapHbIxX JeTameH BMeCTO JIMTHIX aeT CYINeCTBeHHOe CHHKe- 
HHe BeCa H yJIy4IeHHe Tp yYAOeMKOCTH M3FOTOBeHHA Jetasen [44, 68]. Xapak- 
TepHO STO H AIH DeTaneH TypOuH pagvabHo-ocesoro Tuna. TlosTomy B nocaey- 
Hee BpeMA B FHZpoTypOocTpoeHHH CBapHble KOHCTPYKUHH NOJyInAH Oobiui0ce 
npHMeHeHve. Takve JleTaH, Kak CUMpaJibHad KaMepa, CTaTOPbl, KOJIblla Ha- 
NpaBAAIOWAX allapaToB, BaJibl, JOMAaTKH HalpaBJAIOuLHX alllapaToB, Kovleca 
paquabHO-OceBbIX TyPOHH, AMCKH H KOpiiyca 3aTBOpOB H Ap., mpoeKTHpyiorca 
CBapHOH KOHCTPyKIHH. 

I]puMeHeHHe CBapHbIX KOHCTPYKIIHH JaeT BOSMOKHOCTH Ip HOMSHTh bopmy 
3afOTOBKH K POpMe FOTOBO"O H3AeIHA, Aa STO NOZSBOMHT CHH3HTb BeC 3arOTOBKH, 
YMCHbIUMTbh TPYJOCMKOCTh H3POTOBJICHHA, CHH3HTb WMKJI MpOH3BOACTBa HM yJe- 
WeBHTb CTOHMOCTb H3eNHA. CreqopaTebHO, BHIOOp KOHCTPYKUHH eTa/u 
TYPOHHbI (cBapHoH WIM JIMTOH) OKa3bIBaeT CYIeECTBeEHHOe BJIHAHHE Ha TeXHO- 
_ Joruyeckue ee CBoicTBa. Ha TeXHOJIOrH4HOCTbh KOHCTPyKUHH JeTaen, yMeHb- 
WatOlHX TPyYNOCMKOCTb HX MeXaHHyecKOH OOpaG6oTKH HW COOPKH, OKa3bIBaloT 
BIMAHHeE WH Apyrne dakTOpbl, KOTOPble IIPHXOMHTCH YUHTHIBaTb B Mpormecce 
IpoeKTHPOBaHHA TYypOUH. | 

K HHM OTHOCATCA cueLylousHe: | 

1) ipuganHe feTasamM Tua~poryp6HH HaH6osee WenecooOpa3Hbix KOH- 
-CTPYKTHBHBIX (QopM, oO6OecneyHBalOWHX OOpaOoTKy COOTBeTCTBYIONLMX M0- 
 BepxHocTeH Ha HaHOo/lee NPON3BOAMTeJIbHbIX CTaHKax, H cBefeHHe K MHHH- 
_ MYMY BCIOMOLaTeJIBHOrO BPeMeHH, 3aTPadHBaeMOro Ha MepecTaHOBKy, BbIBeEPKY 
WM KpenvieHve flerasiw; WoceqHee ocOOCHHO BaKHO WIA KpynHoraOapHTHbIXxX 
 JleTasen: 

2) cBeqeHHe K kesecoo6pa3HOMy ONTHMyMYy TpeOOBaHHA B OTHOLIeHHH TOU- 
_ HOCTH OOpa6oTKH HM UYHCTOTbI MOBepXHOCTH; 

_ 3) yeTpaHeHve B KOHCTPYKIIMH TypOHHbI B3AHMHO CBA3AHHBIX B MPOH3BO]- 
 €TBe JeTasen, OOpabaTLIBaeMbIX OMHOBPeMeHHO; 

4) BHe_peHue B3aHMO3aMeHAeMOCTH; 

Oo) WHpoKad yYHH®UKAaINA KOHCTPyKTHBHBbIX 3JIEMeHTOB HW CTaHapTH3alna 
leTasleH H Y3JIOB, 4TO NO3BOJIAeT CO3aABaTbh THNH3HPOBaHHe TeEXHOJOrMyeCKOro 
npowecca, cBeCTH K MHHHMYMY nNOTpe6HOCTb B IpHcnocoOIeHHAX WH HHCTPy- 
MeHTe. 

B cBa3H C yKa3aHHAMH TPH MpOeKTHPOBaHHH THApOTypOuHbI HeEOOXOHMO 
CTPEMHTLCH K KOMII€KCHOMY PeLICHHIO BONPOCOB KOHCTPyHPpOBaHHA HW TEXHO- 
NOrHH IpOW3BOACTBa, ITO GyeT CMOCOOCTBOBaTb NOJyyeHHIO Oosee TeEXHOJIO- 
rH4eCKHX H JeWeBbIX KOHCTPYKIUHH. 
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TeXHOJIOrHA NpOH3BOACTBa KOHCTPYKUHH, O6ecnewnBalollad HanGovlee npo- 
CTbIG METOJbI IPOHSBOACTBA, OCOGeHHO CylleCTBeHHa Np H3FOTOBJeHHH GOOJb- 
WwoH CepHH MalwHH. Kora H3roTroBJAeTCA OHA HJIH HeECKOJIbKO MalHH, HX 
MO2KHO H3POTOBHTb J106bIM cnoco6om. IIpu u3roToBleHHH OoubIUIOH CepHu OHO- 
THIHbIX TYPOHH yCuIO%KHeEHHE MpOH3BOACTBAa He OyseT CYMIECTBEHHBIM BCVes- 
CTBHeE CJIOKHOH KOHCTPYKIUHH. 

IIpH mpoeKTHpOBaHHH TYPOHH CJleqyeT pacCMaTpHBaTb H aHaJH3HPOBaTb 
Pa3JIHGHble BapHaHTbl BHINOJIHEHHA HaHOowlee TPpyAOCMKHX Y3J10B M@lllHH, Kak, 
HalpHMep, paOouero Kosieca, HalpaBsstollero anmapata, cbyHaMeHTHBIX 
uacTeH HT. J. 

Iipu aHamHse pagJIH4HBIX BapHaHTOB HeOOXOAHMO CONOCTaBJIATb HE TOJIbKO 
9KCIJyaTallHOHHble H 3HEPrerTHyecKHe KayecTBa KOHCTPyKUHH, HO H TPyOem- 
KOCTb H3FOTOBJI€HHA OTJCJIDHBIX eTaleH, 3arpy3KH YHHKaJbHOrTO OGopysjo- 
BaHHA, BECOBbIe NOKasaTeH. B pe3sysbTaTe paCCMOTPeHHA pa3AH4HbIX BapvaH- 
TOB KOHCTPyYKIHH HaHOoulee OTBCTCTBCHHBIX y3/IOB H JeTalleH pH nmpowHx 
PaBHbIX YCJIOBHAX HawO NPHHHMATb BapHaHThl, HAHBbITOAHeHUIHeE B TEXHOJIO- 
rHYe€CKOM OTHOMeHHH, OOaqaloujyue HaHMeHbIeH TPYMOCMKOCTbIO, ILHKJIOM 
IIpOH3BOACTBa H MOHTaKa, B MHHHMAJIbHOH CTeNeHH 3arpyXKalouive YHHKaJib- 
Hoe oOO6opywOBaHvHe H MpOH3BOACTBEHHbIe Moat. 

TexHOJOrH4ecKHH aHaJH3 LesecooOpa3sHO NPOH3BOAUTh C MOMOLMLbIO TAGIHL, 
3aNOJIHAeCMbIX AJIA KaxkKOM paccMaTpHBaemMoH JeTaiu umn y3na [12, 22]. Ipu- 
MepHBIH COCTaB aHaJIHSHPYeMBIX JaHHbIX yKa3auH B TaOJ. III.1, rage B KauectTBe 
IIPHMepa IIPHBeJeCHbI WaHHbIe TEXHHKO-9KOHOMHYECKOLO aHaJIH3a pa3JIHUHbIX 
BapHaHTOB HCHOWJHEHHA PaaJIbHO-OCeBbIX KOJIeC, IPHMCHHTeJIbHO K paOouemy 
Kolecy MQUIHOH rugzpotyp6uHE (1 = 260 000 xem; H = 100 m), umMetomemy 
HapyXHbIH ra6apHTHbIH WuamMetp D = 6,6 ” u BuicoTy h = 3,05 m. B Ta6mune 
paccMaTpHBaloTca 6 BapHaHTOB KOHCTp y KWH pa6ouero kovieca. 

B KauvecTBe HCXOJHOrO MaTepHaJia KOJIeca_B3ATa OObIMHaA yrviepogxucTaa 
cTalb 3QJI. 

B TaOqHye. NpHBeyeHbl HTOTOBbIe WaHHble pesybTaTOB NOsCeTOB AAA 
pa3HbIX BapHaHTOB. 10 BeCaM UYHCTHX 3aFrOTOBOK, MO 3aTpaTaM Tpyza 
B WacaxX Ha MeXaHHueckylo O6pa6oTKy Hu cOopouHe padotn. II[puBogatca 
Take CTOHMOCTH MaTepHaJIOB H paOoT, 3aTpayYHBaeMbIX IPH H3rOTOBJICHHH 
Koveca. | 

M3 ra6AWubl caekyer, YTO ONTHMaJIbHBIM ABIAeTCH nepBbld BapHaHT — 
Hepa3beMHoe Kovieco. OHO HMeeT HAaHMeHbINHH BEC, TPYROCMKOCTb H CTOH- 
MOCTb, 3a HHM CJleqyeT BapHaHT CO CBapKOH NO HHKHeMy OGOAY HU GOMTOBEIM 
KpellaeHHem BBepxy. Ilo OTHOMeHHIO K NepBOMy BapHaHTy B 9TOM BapHaHTe 
YB@IH4HBaeTCA YHCTHIN Bec Ha 2 M, TPYAOCMKOCTb H3roToOBJeHHA — Ha 
360 Nopmo-4 WH CTOMMOCTb — Ha 2000 py6. Kosleca BapHaHTOB c 6aHwakamMu 
HMe€IOT HaHOoubIui Bec H TPyAOCMKOCTS HM CTOAT ZOpome. CileOBaTeJIbHO, 
AaHHble STOH TAOMMIUbI CBUAETCIBCTBYIOT O eseCOOOpasHOcTH (Cc 9KOHOMH4eCKOn 
TOUKH 3peHHA) MpHMeHeHHA WeIbHOrO KOveca, Noce KOTOpOrO peANouTeHHe 
MOKET OLITh OTaHO BapHaHTy CO CBapKOH NO HH KHeMy OOoOLy. 

Jill CHHXKCHHA TPykOsaTpaT U yAelleBJeHHA CTOHMOCTH MpOH3BONCTBAa 
rHXpOTypOHH BaKHbIM ABJIAeTCA CePHHHOCTb HX H3FOTOBJeHHA. Oueub Lese- 
coo6pa3HO TYPOHHEI HSTOTOBATb OObIIHMH NapTHAMH. STO WWOCTpUpyerca 
Ha pue. III.1, rye npuBezenbl KpHBHIe CHHKeCHHA TPyNOeMKOCTH H. ceOecTOH- 
MOCTH IIpu H3rOTOBNeHHH 20 OMMHAKOBHIX THIPOTyPOHH. - 

EcJIv NIpHHATb ‘TPYROCMKOCTb H3SFOTOBJIeHHA NepBO TypOunE 3a 100%, To 
TpyaoemkocTb 10-4 MaluIHHbI cocraBuna 82%, a 20-4 — 74%. CeGecroumocth 
TypOuHE coctaBuT 66%, a aaa 20-1. 50% CTOHMOCTH H3roTOBJICHHA NMepBow 
TYPOHHBEI. 

CreqoBaTerbHO, HaO CTpeMHTbCA K UPHMeHeHHIO OMHUX HW TeX Ke TYPOUH 
Ha pa3HbIxX rHApocTaHiHax. 
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AAA OPHeEHTHPOBOYHOTO ONpeseeHHA TPyROeMKOCTH H3rOTOBAeHNSA: eqH- 
HHYHBIX FHAPOTYPOHH NOBOPOTHOJONAcTHOrO H payWabHO-OCeBOrO THHOB IpH- 
BejeHa HOMOrpammna Ha pxc. III.2, qalomlaa sHaueHnve yenbHOH TpyOemMKOCcTH 
M€XaHO-COOpOuHbIX paOOT B 3aBHCHMOCTH OT BeCa TYPOHHEI. ) 

Ha TeXHOAOPHYHOCTh KOHCTPYKIMMH OKa3bIBaeT OO/bIIOCe BAMAHHE BbIGOp 
MpaBHJIbHbIX JOMYCKOB Ha OOpa6orky AeTaeH. Dro uMeer ocoGeHHO G6osbIIIOe 
3HaueHHe NOTOMY, 4TO AA KPpyNHbIX FTHAPOTYPONH pa3smMepbl OOpabaTHIBaeMbIX 
NeTaseH 3a4acTy!O MMEIOT OOJIbILYIO 
BelHuHHYy. O6pa6oTrKa ux u Kon- 0% 
TPpOJIb pa3Mepa ObIBaeT 3aTPYyAHeH. 
JlonycKH Ha oO6pa6oTKy KDpyMIHbIx : aye 
WeTaseH MpHXOMHTCA 3anaBaTb He ) 6? 
He€3aBHCHMbIMH, a NO @OPMYJIAPHbIM ~ 
pa3MepaM COIIPHKeHHbIX JeTaen. 
OTO yCNOKHAeT MpousBorcTBo. IIpu _ 
MIpOeCKTHPOBaHHH eTaleH TypOuH 17 Yauuna WA mowuna LU-9 maura 
HY*KHO BCera CTPCMHTbCA K ycTa- Puce. III.1. Bausanne CepHHHOCTH rHyApoTryp6uH 
HOBJICHHIO M€AKCHM@aJIbHO BOSMOMHbIX Ha ce6ecTOHMOCTh H TPyHOeMKOcTb H3rOTOBJIeHHA 
B J[aHHbIX YCJIOBHAX JOMYCKOB Ha CS 
oOpaooTky jetaneH. IIpu ycraHoBjenuu jomyckoB Ha G6oubIUHe AHAMETDPbI 
cleqyeT PYKOBONCTBOBATbCA XapakTepOM NMocafok, cymlecrBy1ouHx B TOCTe. 

H3roTropaeHve MOULHEIX THAPOTYpOHH CBaA3aHO Cc 6OAbUIMMH 3aTpaTaMH UH 
pacxOaMM Pa3JIMYHbIX MaTepHasioB. Oco6beHHO TpyNOeMKH B H3TroTOBJeHHH 
OOMbIIHe NOBOPOTHOMOMACTHbIe rHporTypOuHEt, ycTaHaBJIMBaeMble Ha rHypo- 
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Puc. II1.2. }Homorpamma ya onpegenenua tpygqoemKocTu MeXaHOc6op ouHEIX pa6or 


CTAHIHAX CO ChaBHUTeJbHO HH3KHMU Hanlopamu. Kpynuas moBoporHosonacr- 
Had THApOTypOuHa c uameTpom kosleca D, = 9,3 m, mMouHocthio N = 
= 126 000 xem upu Hanope H = 22,5 m cocrour 6osee 4em u3 50 000 neranedt. 
B Tako TypOuHe HMeeTCA GONbUIOe KOMMYECTBO AeTasel GONDUIHX Ppa3sMepoB u 
Beca, KaK, HallpHMep, CTaTOp C HapyKHbIM AHameTpom 14,0 ™ nu Becom 166 m: 
WecTh AOMacTeH paOouero Kovleca Becom kazaa No 18,5 m; KpplluKa TYpOUHbI 
C Hapy2KHbIM JHameTpoM 9,4 m, Becom 60 m; Ban TypOHHHI AMameTpom 1,5 m, 
ANMMHOK 12,5 m, Becom 60 m u gp. [45]. 

Hapsyy c Oo/bIIHM KONMUeCTBOM JeTael GOJIbLIHX pa3MepoB H Beca, H3- 
POTOBJICHHBIX H3 CJIOMKHbIX JIMTbIX, KOBAaHbIX H CBapHbIX 3afOTOBOK, HMeeTCA 
OobIlloe KOAHYeECTBO CpaBHHTebHO MeKHX JeTanel, TpeOyloOlllHX BbICOKOH 
TOUHOCTH OO6paOorkH. 


8* | 115 


B ta61. I11.2 npupefzeHbl AaHHble O Becax y3JIOB 3TOH TypOHHBI. YKa3anHa 
Take pa3OuBkKa N10 BeCaM MECTAJIJIOB, HAYUIHX Ha CTaJIbHOe JINTbe, NOKOBKH HU 
mpokar. | 

li3 TaOIbl BAAHO, ITO HaHOoJlee MeTaJIJIOCEMKHMH Y3J1aMH ABJIAIOTCH pa- 
Oouee KOJIecO H HallpaBsAIOWNi almapaT TypOuHbI, HX OOWMH Bec AOcTHraeT 
877 m, 4TO.cocTaBJset 7/, Beca BceH Typ6uHEI. [lostomy pH KOHCTp yHpOBaHun 
STHX BaKHEHIUMX Y3JIOB, ONPeAeIAIOMMX B 3HAYHTeAbHOH Mepe 9ZHEprerTH4e- 
cKHe Noka3aTeI TypOHHbI, OOpalllaerca Take BHHMaHHe H Ha NpPHaHHe Levie- 
cooO6pa3HoH MOpMbl eTaJIoHM STHX Y310B, O6ecneyHBalollHX MHHHMaJIbHbIe 
Beca. 

OGHWOBKH MpoOTOUHOH 4acTH OeCTOHHBIX WaxT, yHamMeHTHbIe paMbI, Tpy- 
OONpOBOAbl H3FrOTOBJIAIOTCH H3 JIHMCTOBOH UH COPTOBOM CTaJIH H CBapHBaloTcA 
Mexky CO6OH. OG6bIYHO yAeJIbHBIM Bec JeTaleH TYPOHWHbI, H3TOTOBJICHHbIX v3 
JIMTBIX 3aFOTOBOK, cocTaBaa 75—85%. 

B nmociequve rofbl B CBA3H CO 3Ha4HTe/IbHbIM pa3BHTHeM TeOpHH HM Mpak- 
THKH CBapO4HOrO NPOH3BOACTBA, C OCHAUICHHeM LeXOB M€TaJIJIOKOHCTp yKIHH 
COOTBETCTBYIOWIHMH CBapO4HbIMH aBTOMATaMH, alllapaTypoH AA KOHTpoasA 
CBapHbIX HIBOB, POCTOM KBaJIM@UKalHH CBapIHKOB CBapHble KOHCTPYyKIHH Ha- 
yaJIH 3€HHMAaTb BCe OO/IbIee MeCTO B NpakTHKe rHypotyp6ocTpoeHuHaA. 

TIpu NoMoulM cBapkKH B ruApoTypOocTpoeHHH CTaJH BbINOIHATh PyHaMeHT- 
HbI€ 4aCTH, KOJbIla HalpaBJAIOWero allMapatTa, KpbIWIKy TypOHHbI, perysu- 
pyloulee KOJIbIO, KOHyc pa6ouero Kouleca, KpecTOBHHY HW Apyrne Jerau. 

CaapuHbie JeTasH COCTaBJAIOTCH H3 OTeJIbHBIX 3aroTOBOK. [Inockue 9d.1e- 
MeHTHI HOJY#AaIOTCA WyTeM BbIPe3KH; YaCTH, MMelOWve WHIMHApHyecKy!lO WI 
KOHHYECKy!0 POpMy, OOPa3yioTcA BaJIbILOBKOH; (acOHHble YaCTH H3FOTOBMAIOTCA 
MO Mpeccom. 

IIpumenenwe cBapHbIxX KOHCTpyKUHH MpHBeO K 3HAYHTeJIbHOMY YMeCHb- 
WeHHIO TPYAOCMKOCTH MeXaHHyecKOH OOpaboTKH, OcOOeHHO BBINOJIHHeMOH Ha 
GOIbIUNHX YHHKAJIbHBIX CTAaHKaX, JaJIO 3HAYHTeEAbHYIO 9KOHOMHIO MeTaJla Hi 
CyUeCTBeHHOe CHHIKEHHE CTOHMOCTH. 

OCHOBHbIMH MpHuHHaMH, cnoco6cTBoBaBLInMH MOY4eHH!IO TaKHX TO0- 
XKHTEJIDHbIX PC3Y/IbTaTOB, ABHJIOCb YMEHDINeHHe, NO CpaBHEHHIO C AUTHIMH Je- 
TaAMH,: NouWatqeh O6pabaTHIBaeMbIxX MOBepxHocTeH HU IpHiyckoB Ha OOpa- 
OoTKy, TaK KaK BCJIeCTBHe OOJIbDIUHX Pa3MEPOB AeTaeH rHApOTypOuH JIHTHIE 
3aFOTOBKH O6bIUHO HMeIH OonbUIHeE puMycKu. 

laa cBapHOH KOHCTPyKIHH, CO3qaBaeMOH M3 MpOCThIX 3aPOTOBOK, CTCHKH 
MOXKHO Clelatb TOHbIUe H He OOATBCAH BHYTPCHHAX MOPOKOB, CBOMCTBEHHbIX 
MACCHBHBIM (aCOHHbIM CTAaJIbHbIM OTJIHBKaM. 

B KpynNHbix rugzpoTtyp6uHax Takwxe HaxOAAT IpPHMeHeHHe CBapHO-JHTbIe 
KOHCTPYKILHH, NOyyaeMble MyTeM CBapKH B CHMHY!O SaTOTOBKY OTJCbHEIX 
TIPOCTHIX JIHTbIX 3alOTOBOK. 

Muyorya eslecoo6pa3Ho JIA yMeHbINeHHA Beca H CHHKEHHA TPYJOCMKOCTH 
H3POTOBJICHHA yCJIOKHeEHHe 3aTOTOBKH IlyTeM OObeAHHEHHA B OJHY OTJIMBKY 
WIM MOKOBKY JByX H 6ovlee KPYyMHbIX eTaleH, paHee H3FOTOBJIABIUAXCHA OT- 
TeNbHO HW COCHHABIIAXCA MOCpeACTBOM OOVITOB, WINHeK HW TaeK C MOMOLIBbIO 
(JIaHIeB. 

Takoe KOHCTpyKTHBHOe pellieHue Wesecoo6 paso Tora, KOTWa cBapKa 
weTaneH TeXHHveCKH HeBO3MO2%KHA, a MeXaHHyeckoe CKpenJieHHe MpHBOAUT 
K TPYJOCMKHM MexaHOCOOpOouHBIM ‘paGoram. 

Hanpumep, oObeqHHeHHe B CXHHY!O KOHCTPYKUHO Bala TYpOHHbI WM reHepa- 
TOpa ANA OHOH KPYNHOH YHApPOTyPOMHbI NOSBOJINJIO YMeHbILMTb. 4HCTHIH 
Bec Balla Ha 8 mM H CHH3HTb TPYOCMKOCTb MeXaHOCOOPOUHBIX pa6oT Ha 
800 nopmo-4. 

B ta6n. III.3 npupexenbi Becopble JaHHble 10 TypOHHeE pajuaJIbHO-oceBoro 
tuna (PO211-BM-410) MomHocTbio N = 75 000 Kem npu Hanope H = 66,5 mw, 
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Ta6Ouaununalll.3 


Becosnie JlaHHbe H TPyOeMKOCTH H3roTOBAeHHA Typ6nNH THna PO211-BM-410 


o 4 Bec cocTaBHHIX MaTepHaAOB BM T pynoemKocrb B HOpMO-4 
: Fg B Om oe os . 8 ss 
. | yTom| a > = O <a. a § GLOm On, 
| Can| SR DO oS a.© ao o Soaf ee 
Co One| OF ao OF rs ESS 3 SS ap AAO 
PaGouee Komeco | 48,5] 42,0/ — | — | 6,0] 0,5 | 6300} 2600| 3700 
-C YNJLOTHEHHeM 
@PyHaMeHTHble 14,2; — 7,9 — 4,5] 1,8 
yacTH ti 1 
Crarop {| 37,0] 360] — | — | — | 0,2 
Waxtentyp6nnn| 15,2} — | — | — | 14,7] 0,5 
MH CepBOMOTOPOB, | 
-o61M0BKa KoHyca 19250) 3600 | 15650 
“OTCACHIBAIOMIEH TPY - | 
Ont | | 
Cnvpampuaa Ka-| 77,5) — — — | 76,0} 1,5 
-Mepa — 
Baa TYDOHHBI 30,0; — | 0,5 | 29,2] — | 0,3 1650] 1 250 450 
HanpaBasrouli 44; — 3,6 — 0,6] 0,2 1 050 — 690 400 


NOAWIHMHHK 


- Hanpasamomuit | 63,0] 43,7| 6,7 | 0,9| 10,6] 1,1  |14350| 10250 | 4 100 
alnapaT Oo 





Ceppomorop ua-| 7,3] 0,4) 5,4 | 1,2] 0,1] 0,2 | 1500] 900 600 
NpaBAArOukero all- 
Mapata 
Pery#ATOp 19} — 0,6 — 1,1} 0,2 3700| 2 700 1 000 
MHY 26;| — | 03 | — | 1,6) 0,7 | 4000] 1800] 2200 
TlnomayKu x Je- lij — — — 1,0) 0,1 600 150 450 
CTHHIBI | | 
TIpouve yeranu 97); — 0,80; 2,3 4.8; 1,8 2250} 1000; ~ 1 250 
Uroro 312,4| 122,9| 25,8 | 33,6 | 121,0| 9,1 |54.550| 24 800 | 29 700 


100% | 39% g% | 11% | 30% 














a | —-{| -— | - 


juametp Kosleca D, = 4,1 m. Beca npuBesxeHbi 10 OCHOBHBIM y31aM TypOHHBbI 
C pa3OHBKOH To MaTepHasam. Y TypOuHbI HaHG6obUuIHH Bec HMeeT CHHPabHad 
KaMepa CO CTaTOPOM H HalipaBJIAlOWNMM alimapaT C CepBOMOTOPOM, UX o6mHi 
Bec paBeH 184 m, uTo cocTaBaeT 6omee 60% Beca BceH TYPOHHE. 

C TeyweHHeM BPpeMeHH KOHCTPyYKUHH TypOHH coOBepIeHCTByIOTCA [52]. 
Beetca Take MOCTOAHHAA paOoTa TO yYTOUHEHHIO MeTOJOB  pacuera yeTanen 
Ha MpOuHOCTb, NO NOBBIMIeCHHIO JOMycKaeMbIX HallpaxeHHH. LipumMensiotca 
HOBbI€ MaTepHaJIbl, YM@HbIMaeTCA HX BeC, CHHKAeTCA TPYMOCMKOCTb H3FOTOB- 
JI@HHA. 

Ha puc. III.3 npupegenbt KpuBbte, xapakrepusyromue CHM>KeHHe (B Cper- 
HeM) yebHOro Beca (K2/Kem) NO roaM JIA XapaKTePHbIX THMOB THApOTypOHH. 
M3 paccMOoTpeHHA STHX KPHBbIX CJlelyeT, 4TO 3a 40 eT yHebHEIM Bec NOBOPOT- 
HOJIOMACTHBIX THApOTypOHH gaa Hanopa H = 20 m cuHu3usica c 27,5 TO 
13,5 Ke/Kem, Das cpequeHaropHpx (7 = 60 m) paqHambHO-oceBbIxX FHApoTyp- 
6uH — c 20 no 7,5 Ke/Kem VM AIA BbICOKOHANOpHbIX rHgzpotyp6uH (H = 200 ™) 
payHasbHo-oceBoro THNa — c 10,0 Ro 3 Ke/kem. CnenoBaTebHO, H3 3THX LHP 
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BHHO, YTO KOHCTPyKUMH PHAPOTypOHH COBepIIeHCTBY1OTCA, AOCTHIHYTHI Cepbes- 
Hble yCleXH B YMeHbIMeHHH MeTaJIJIOCMKOCTH THAPOTypOHH H, CleOBaTebHO, 
B YMeCHbINeHHH HX BeCa; B 3€BHCHMOCTH OT Hallopa yesbubIe Beca rHApoTypOHH 
3HaUHTeIbHO OTMHYAIOTCA APyr OT Apyra. 

Tun TypOHHbI HM ee KOHCTPYKUHA 3aBHCAT OT Hanopa, Mpv KOTOPOM Typ- 
6vHa paOoTaeT, NOSTOMY aOCOJIIOTHBIM H YJeJIbHBIM Beca ee H3MCHAIOTCH C H3- 
MeHeHHeM Hariopa. “em MeHbIle BeHYHHa Hallopa, HCNOMb3yeMoro TypOHHOH 
TeM OObIUHO OOJIbIMe pacxoy BOJBI 
yepes TypOuHy. Uem Ooubille pa3me- 
phI TYPOHHBI, TeM OObWe H YeJIb- 
HbIM BeC TYPOHHBEI. 

Ha puc. II].4 noka3anp 3Hate- 
HHA YJI@IbHbIX BeCOB JIA pa3HbIix 
THNOB H HallOpoOB COBPeMeHHBIX Bep- 
THKaJIbHbIX THAPOTypOHH. OTH KpH- 
Bbie COCTaBJICHbI Ha OCHOBe AaHHbIX 
BbINOJHEHHbIX THApotyp6un. Han- 1900 1910 1920 1930 1940 1950 1960 1965 Fodsi 
COMBINE YIENbHBIe BECa HMEIOT HHS- Puc. Hil. 3. Cumxenne yAebHOrO Beca TYPOHH 
KOHAaNOpHble MOBOPOTHOMONACTHbIe | no rowam 
TYPOHHLI, HAaMMeHbILUHe — BbICOKO- . . 
HanopHble pajWasIbHO-oceBble rHpory pOHHET. C yBerHueHHem Hanopa yneap- 
HbIe Beca, OCObeHHO B AManasoHe H = 30+ 100 m, pesko yMeHbillaioTca. 

B 30He Hanopos H = 40+100 »; cYllecTBeEHHOe BIMAHHe Ha pacxog Me- 
Tajlla OKa3bIBaeT KOHCTPYKWHA CHHpaJIbHOH KaMepbl. 

Ha ocHosBe aHasiv3a U4 O6OOWIEHHA (haKTHYeCKHX BECOBbIX JaHHBIX {98, 99], 
BHINYULCHHBIX 3a MocseqHHe 20-—25 ser ruqporypOuH pasHUHBX: THTIOpa3- 
mepos I[K TH, cocTaBseHbI HO- 


YGenouord Bec mypdun, xl /xbm 

















a MOrpaMMBI JJ onpeseneHHs 
S oop obapomnononacmHore —- | | TeopeTHuecKorO Beca THpo- 
S00 (Oemonnan crupano) TYPOHH 0 30HaM IIpHMeHeHHA 
S180 lO HanopaM. OTH JaHHble npH- 
S 160 BeleHbt Ha puc. III.5 B Buze 
S40 KPHBbIX JIA pa3sHbIx 7HaMer- 
> 0 pos pa6ouHx Koviec. 

§ 0} — SHayeHHA OpPHeHTHPOBOU- 
S a0 HbIX BeCOB IIpHBOJATCA 0 
Sf TYpOuHeE B IeOM MOBOPOTHO- 
S 20 lomacTHOrO HW pajHaJIbHO-o0ce- 


Boro THIla. 
20, 40 60 80 0 150 200 20 300 B ta6an. III.5 nmpHBegenpr 


—— ante marcumanerell," = = KOHCTPYKTMBHBIe. H BeCOBLIe 
Puc. II1.4. Yuenbuntit pacxoy Metaina tTyp6uH aHHble 110 HEKOTOPEIM TYpOH- 
| | HaM pawWaJIbHO-oceBoro THNAa Cc 
(IOBOPOTHbIMH JOMaCTAMH H3 UHC1a H3FOTOBJICHHbIX Ha OTCUeCTBEHHbIX 3aBO/aX. 
Ha puc. II].6 npwBegeHbl KpHBble 3aBHCHMOCTH Beca reHepaTopa OT ero 
MOLI[HOCTH IPH pa3HbIX CKOpOocTAX BpalleHHaA. KpuBble WaloTcaA AIA renepa- 
TOPOB MOoHOCTbIO OT 15000 go 150 000 Kem u momHocrbio oft 150 000 xo 
350 000 xem. On NonyyeHb] HCXOAA U3 TaHHbIX 3aBOa «<QMIeEKTPOCHa» M0 
BbITIOJIHCHHBIM TeHepaTopaM HM MpOeKTHBIM MaTepHasiaM. | 
M3 paccMOTpeHHbIX KPHBbIX CedyeT, YTO Ha BeEMHYHHY Beca TeHepaTopa 
GOJIbIUIOe BJIMAHHE OKa3bIBaeT YHCMO OOOPOTOB TYpOHHH. Tak, HallpHmep, qax 
reHepatopa MmoulHoctbio’ N = 100 000 Kea -ero Bec pH o6opoTax n = 
= 62,5 06/mun G6yfeT papeH 1350 m, a mpH o6opotax n = 100 06/mun — 
TOMbKO 950 m. Ilostomy yBeaH4eHHe 4HCIa O6OpoTOB TyYPOHHEI OCOGeHHO e- 
Jecoo6pa3Ho QA reHepatopa. 
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OpHveHTHPOBOYHHIA Bec THApOTypOHHbI MOXKeT ObiTh ONpeAeeH NO c1enyI0- 
UWIHM 3JMITHpH4ecKHM @opmMyJiaM. 
Jia MOBOPOTHOMONAaCTHHIX TYPpOUuH 


Giz) = kiDT (m) H” (a), (I11.2) 
rye Ra» a, 4 by B 3aBHCHMOCTH OT Halopa HMeWwT cleqyIoulve 3Ha4deHHA. 
Hanop Bm ............... 10—40 50—380 
: . 2. . . 2,88 1,435 
Ce, 2,1 2,1 
Co 0,4 0,6 


CCT Won — | 
TEL TTIW LE | Pace. HIS. Opneutn- 
LL ys |100m| | | PoBouHnle Beca TYpOUR: 


@ — mosoporuosionact- 
HbIX; 6 — pagtanpbHo- 





OceBhIX 
2345678 91D, m 3 + +> 6  7D,,m 
J\iA palWalbHO-oceBbixX TyYPOHH 
G(r) = Ree?" (m) H”* (a), _ (IIT.3) 


rye KosPPuUHeHTHI Ro, ad, 4 b, B 3aBHCHMOCTH OT Hanopa HMeloT CeRyIOWHe 
SHaveHHA. 

































Hanop Bm ......... 2.2.2 248 6 45—300 300—500 
Re ow ee Doe ee ee ee we ETA 14,0 
Qa ...... Co .. . 0,49 0,49 
bo soe 8 ee ewww 0,16 0,2 
a ae 
FT i TA 
_ ees W 
LALA 2 ; OUlNult 
a ne POL a 
AL ALA 2 
tO AAA LAG 2400 of 
1200 PEL i AA AA 4 125 29g 4 843 
we Oe 50 LET LULA BB? 
S 00 AL 825 ool | LET 86. 
& CO OANA ahs BpZ2eae 115,4 
S G00 OANA AT | 1800-4 125 
= : tt A aA gag | | N CAAT 
8 eng | aaa 11 = egg Ce 
go LAr age | SO ae 
BABA TTT OT 8 4 ree 
200|4 eee tt a 12700 toa 
Hat . LTT LT | 
HA FEET ETT TT 8 70901 
0 20 40 60 80 00 120 140 150 200 250 —« 00 350 
Mounocmo 2erepamopa AW mere. nba MowHocime 2erepamopa WN, morc. Aba 


Pue. III.6. Bec reHepatopa B 3aBHCHMOCTH OT eFO MOMLHOCTH MPH Pa3HbIX CKOPOCTAX BDPa- 
WeHHA: a@ — rekepatophi or 15 zo 150 000 cea; 6 — reHepatopsni or 150 go 350 000 Kea 
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4, BbIBOP MAPAMETPOB TYPBHHbI 
NO YHHBEPCAJIDHORK XAPAKTEPHCTHKE 


Tlogpo6Ho sToT BOoMpoc paccMaTpuHBaeTca B paGote [64]. Hue kpatKo 
ONHCbIBAeTCA NOPAZOK BLIOOpa MapamMeTposB TypOuHE. BuiGop OcHOBHbIX Iapa- 
MeTPOB TYPOHHbI OObIYHO NPOH3BOAHTCA NO 3aaHHbIM — MOLJHOCTH, Hanlopy 
H OTMeTKaM HHMKHero HW BepXHero yPOBHeH BODHI. 

IIpu kKomeO6aHuAxX Hallopa MapaMeTph! TypOHHbI BHIGUpaloTcA MoO pacuerT- 
HOMYy Hanopy. 

Hauupie N, Ay, Amax HW Aygig YCTAHABAHMBaIOTCA MpOeKTHO-H3bICKaTeJIb- 
CKHMH OpraHH3alluAMH, MpoeKTHpYyIOWHMH rHypoctranuHH. McxoquniMyu mate- 
pHasaMH JIA BbIGOPa OCHOBHBIX NapaMeTPOB TYPOHH NPHMeHHTeIbHO K 3a- 
JaHHbIM YCJIOBHAM HX paoOThI CJlyKaT YHHBePCaJIbHbIe XapaKkTepHCTHKH, 
NOJYYeHHbIe NO HCNbITAHHAM MOJeeH HOMCHKJaTYpHbIX paOounx Kovec. 

PyKOBOACTBYACb 3aaHHbIM Hanopom /7,, BbIOupalor CHCTeMy TYPOHHBI H 
THM ee padoyero Koveca. 

Jivametp pa6oyuero KOeca BbIGNpaeTcA N10: opmyze 


D.= =, - —(IT.4 
1 V sing, V i, 7 - ) 
roe N Bp kemu HB MoM. 


TipH onpeyenenuu auametpa mpemBapuTenBHO 3alaloTca: K. 1. A. WIA pa- 
WHaJIbHO-OCeBbIX TYPOHH = 0,88 0,90; maa NOBOPOTHOMONACTHHIX TyYp6HH 
1 = 0,84+0,86. 


IpupeqenHpit pacxon Qi m3/cex WIA payuaubHo- OCeBbIX Ty .GHH, CepyT 
O6bINHO Ha KpHBOH 5-NpoleHTHOrO 3alaca MOMLHOCTH, a 118 NOBOPOTHOVIONAacT- 
HbIX TYPpOHH — NO yCJIOBHAM KaBHTallHH, 4YTOObI BbICOTa OTCaCbIBaHHA Obla 
peaJIbHO OCYIIeCTBHMa. 

TlogcuutaHHbii mo dopmysie WHamMetp paG6oyero Koweca cKpyraserca TO 
OiMxKahwlero HOpMabHoro. JiMaMeTp NMOBOPOTHOJONAacTHBIX TypO6OHH, nper- 
Ha3HaveHHBIX JIA paOoTbl B yCMOBHAX 3HaYHTeIbHEIX KONebaHHH Hatlopa, 
lemecoo6pasHo BLIGHpaTh N10 HaHMeHbUleMy HaNopy, Np KOTOpOM AOuKHa 
ObITh O6ecMedeHa HOPMaJIbHaA MOWLHOCTb TypOHHBI. 

Ilo sTomy 2xe Hanopy onpeyesioT AOMycTMMyio BLICOTy OTCacbiBaHHsA H,. 

Uncao oOoporToB TYpOHHbI OlpesesloT nO dopmysie 


n=—ie Vy | (111.5) 


3Hayenne ny BHIOUpator 110 xapaxrepueraxe Ha JIMHHH, Npoxogzaulen ywepes 
TOUKY M@aKCHMaJIbHOroO K. Il. J. HJIM HECKOJIbKO BBIIIe. 


Tlonpasxy An; o6btuHO NPHHMMaIOT NOCTOAHHOM AIH BCeX TO“eK XapaK- 
TepHCTHK. BbitvcAIOT Ce JIA ONTHMAIbHOM TOUKH XapaKTepHCTHKH NO cop- 


myuie _ 
An, = ny (V2 — ) (111.6) 


Tlo HaHJeHHOMY HCIpaBJIeEHHOMY 3Ha4ueHHIO ny ONpeqeAIOT YHCIO o60po- 
TOB 1, OKPYIJIHB ero JO OHKahwero GoMbWero CHHXPOHHOrO. 
Burcory OTCaCbIBaHHA ONpelesAloT 1O Popmysie 
{ 


H,= 10,0 —%, —koH, | (111.7) 
rye k = 1,05+1,1 — kosddunuent 3anaca; 


V — OTMeTKa pacnouiowKeHuA FHApocTaHiyy; 
o — 6epeTcA H3 YHHBepCaIbHOH XapaKTepHCTHKH. 
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BeaHunHHbl Q; HW my; H3MeHAIOTCA pH H3MCHCHHH Hallopa HU MOMLHOCTH, pa3- 
BHBaeMOH TYPOHHOH, OMHOBPeMeHHO H3MeHHAeTCA TakxKe HW 3HAYeCHHE. O. 

Tlosromy JONycTHMas BbIcoTa oTcacbiBaHHa H, 3aBHCHT OT Hallopa H MOIILI-. 
HOCTH, IIPH KOTOPbIX paOoTaeT TypOuna. Hanop ycTaHOBKH 3aBHCHT, B CBOIO 
ovepelb, OT KONeOaHHA YpOBHeH BepxHero H HHKHETO Opeos. Tostomy He- 
OOXOAHMO PaCCMaTPHBaTb Pa3JIH4Hble CO“VCTAHHA ypOBHeH Obedos u HamlopoB 
H JIA KaxKJOFO HaXOJHTb JOMNYCTHMYIO BBICOTY OTCAaCbIBaHHA. 

IipnH6apiaa H, K OTMeTKe HHKHErO YPOBHA BOI, MOKHO NOMYYTh WIA 
KaxJOrO Cly¥ad HaMBBICIIy!IO JONyCTHMy!O OTMeTKY pa6ouero kKomeca. M3 
NOJYYCHHHIX MOJOKeHHA JOJKHO ObITh BLIOPaHO HaHHH3Uee, o6ecneunBarolee, 
OTCYTCTBHE KaBHTAaLHH pH JIOOBIX yCJIOBHAX. 

[lpaBuibHocTb BLI6Opa HOMHHAbHOrTO AHaMeTpa H CHHXPOHHOTO 4HCJa 
OOOpOTOB MpOBepAIOT, HaHOCH Ha YHHBepCasIbHylO XapaKTepHCTHKy YeTbIpex- 


yIOJIbHHK CO CTOpOHaMH ft; = const np Amin, m1 = const npH Hmax UH Bep- 


IIMHaMH B TOUKAX C KOOpAHHaTaMH Qi, COOTBeETCTBYIONIMMH MHHHMaJIbHOH HU 
MaKCHMaJIbHOH MOIJHOCTAM IPH yKa3aHHbIX JByX KpaHHHx Hallopax. Ecan 
9TOT UETLIPEXYFONbHHK XOPOIIO CXBAaTbIBaeT WeEHTPaIbHY!O 4aCTbh XapaktTepH- 
CTHKH, OO6ecCNe4HBaw BHICOKHE K. DN. O., TO BbIGOp CelaH NPaBWIbHO, eC/H 2Ke 
LeHTpasibHaA 4WaCTb XapaKTeEPHCTHKH OKaKeTCA CHJIbHO CMeLIICHHOH 10 OTHO- 
WeHHIO K IeHTpy YeTbIPEXYFOJbHHKa, TO C/leyeT H3MCHHTb JIM WHaMeTp pa- 
Gouero KOJIeca D,, HAM 4HCNO OGOpoTOB TypOHHbI 7, HH TO H Apyroe 
BMECTE. 

Aas BLICOKOHAHOp Hix MOBOPOTHOJONAaCTHBIX FYPOHH HHOrAa Mpuxos_UTcA 


IIPHMeCHATb MeHbIIve 3HaveHHA Qy, 4YEM STO KeMATeAbHO MO XapakTepHcTHKe 
HM AOWYCTHMO IO CTeMeHH OTKPbITHA peryAMpyloulUx opraHos. Takum lyTem 
RocTuraeTcad YMeHbINeHHe O H yBeHUeHHE JOMyCTHMOH BBbICOTHI OTCAacbIBa- 
HHA Hg. 

B cBA3H C TeM, 4TO OObINHO FHAPOTypOHHBI paooTawor pH nepexoqHoM 
pexKuMe, T.- €. IPH H3MeHAoWemca Hanope Hf uw MomHocTH N, H3MeHAIOTCA 
pacxoy TypOnHbl Q, ee K. 1. A. n WH KoappuUNeNT KaBuTauHH O. Uucn0 O60poToB 
TYPOHHEI, KaK IpaBHIO, COXpaHAIOT NOCTOAHHDIM. Tlostomy AIA NpaBHJIbHOH 
9KCHMyaTaluH TYPOHHbI BaKHO 3HATb B3AHMHYIO CBA3b OCHOBHbIX ee Mapa- 
MeTposB. Jina sToro nocie onpefeneHuaA QZMametTpa TypOuH D, 4 OOOpoTOB n 
IIpOHSBORAT NocTpoeHve paboyeli HW SKC yaTaWHOHHOH yHHBepca/bHOH Xapak- 
TePHCTHKH. | 

Pa6ouad XapakTepHcTuKa NOKa3bIBaeT 3€BHCHMOCTD K. Il. A. OT Harpy3Kku NV 
H BbIipakaeTcA KpHBOH yn =f (NV) npH nocrosHHoM Hanlope Hu 4cae o6opo- 
TOB ft. 

Ho Tak Kak ruqpocTaHuaH, paOotaioujHe Np NOcTOAHHOM Hallope, BcTpe- 
YalOTCA PeAKO, JIA NOMHOH KapTHHbI 9HeEpreTHuecKHX CBOHCTB TYPOHHbI CTPOAT 
9KCIJLYaTallHOHHbie YHHBepCcaJIbHbie XapaKTepHCTHKH, MOMb3Y ACh padouumn 
XapakTepHCTHKaMH. 

OKCHAYyaTalHOHHble YHHBepCaJIbHble XAPpaKTePHCTHKH TOKa3bIBalOT 3aBH- 
CHMOCTH K. I. A. (yn) OT Harpy3skH NV u Hanopa A mpu HOPMaJIbHOM UHCAe 
CeMCHCTBO 
HHH DABHEIX K. I. I, NOCTPOeCHHEIX B KOOpAMHAaTHEIX ocax N u H (puc. III.7). 
Ha 9KCiyaTalHOHHble yYHHBepcaJibHble XapaKTePpUCTHKH TYPOWH OOHIMHO Ha- 
HOCAT JHHHIO OFpaHH4eHHA MOLMHOCTH, BbIpaKalollylO 3ABHCHMOCTb MOIJHOCTH 
OT nanopa N =f (A), 4 «AMHHIO paBHbIX BbICOT OTCacbIBaHHA HH, = 
=f (Ny 

Tocrpoenne pa6ounx u SKCIy aTallMOHHBIX yHUBepcaJIbHbIX XapakTepH- 
CTHK NIpOH3BOAHTCA Ha OCHOBe TlaBHOH yHHBepcaJIbHOH XapaKTepHCTHKH MO- 
eiH Bbi6panhHoro THNa paOoyero Koeca AIA NaHHOorO WHametpa D, u oOopo- 
TOB ft WH 3aaHHbIx HanopoB Hy, Hains Amax- 
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Tlopaygok nloctpoenuaA paboueh XapakTepHCTHKH CJleX youn: 

1) ompedqesi0oT MAKCHMAJIDHBIM K. 1. A. TYPOHH max C YYETOM NONpaBKH 
Ha MaClITaO MOJeIM M 3aBHCHMOCTH OT Halopa TYPOHH B COOTBETCTBHH C JaH- 
HbiMH ra. I; | | 

2) HaxXOJAT NOMpaBKy MpHBeAeHHOrO 4nCa OOOPOTOB Ha pa3HHUly K. M1. J. 


TYpOHH H MOJeIH | 
Ani = ni onm( V7 te — 1] 
Tym max 


H OTIpeACIHIOT OTKOPPeCKTHPOBaHHOe ITIPHBeFEHHOe YHCJIO OOOpoTOoB Ni x, KO- 
TOpoe COOTBETCTBYeT Ha XaPaKTCPHCTHKE MOCIH WPHBeAeCHHOMY UHCJIYy 060- 


POTOB ft, 





30 





Mouwrocmo N , Mebm 


~ Puc. III.7. Skenayataunonnad XapaktepHcTuKa NOBOPOTHOJION acTHOH TYPOHHEI 


3) 10 yHHBepcaIbHOH XapaKTepHCTHKe HaXOJAT 3aBHCHMOCTb Ny = | (Q;) 
np nt x; IPH 3TOM 3HayeHHA IIPHBeeCHHBIX paCxONOB JIA PpawHaJIbHO-OCeBbIX 
H IponeepHbx TypOHH OepyT Ha JIMHHAX PaBHbIX K. M1. J., a QA NOBOPOTHO- 
AOMAaCTHLIX TYPOHH — Ha JMHHAX YIIOB ; yKa3aHHy!O 3aBHCHMOCTb COCTAB- 
AAIOT B TAGMMUHOK opme; oo | 

4) onpeweistoT nNompaBkKy Wid K. 1. A. Ha MacuITa6 MOJenMM WH HaxOJAT 
K. Tl. J. TYPOHHbI N B KaxKON TOUKe; | 

©) MOACYMTHBAIOT JIA KaXKJOK TOUKH MOULHOCTb TYPOHHbI 10 ~opmy.uie 


N = 9,81nQiDiH V H; (III.8) 


6) crpoxtT paOouylo XapaKTepHCTHKy. . 

11a MOCTPpOeCHHA SKCIIyaTayHOHHOH YHHBepCasIbHOH XapaKTepHCTHKH JH- 
alla30H H3MeHeHHE N1, COOTBETCTBYIOMHH 3a2aHHOH ammiuTyne KomeO6aHuh H 
(OT Hyin HO Hyax), pas6uBatoT Ha 4—5 HHTepBaJIOB HW WIA NOMYYeHHIX 3Ha- 
YeHHH-Hallopa cTpoaAT paGouve xXapaKkTepHcTUKH. 

Touaku paBHbix K. Il. J. IPH pa3JIMUHbIX Hanopax HepeHocaT c pabouHx 
XapaKTepHCTHK Ha KOOPAMHaTHy!o ceTKy NV, H u coeqHHAIOT WaBHbIMH KpH- 


BbIMH, JajOl[MMH B COBOKYIHOCTH 9KCIWIyaTalHOHHYIO XapaKTepHCTHKy Typ- 
OHHBI. | | 
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Yro6ni HaHTH MOIOwKeHHE MHHHMYMa NO Hallopy AJIA KaxKAOH KPHBOH YH = 
= const 3KcIyaTalHOHHOH XapaKTepHCTHKH, HYXKHO NOCTPOHTh MO MaKCH- 
MyMy K. Il. 0. pa6ouHx XapaKTepHCTHK BCIOMOraTeAbHy!IO KPHBY!IO Nmax = 
= f (H), No KoTOpOH H MOXHO HaWTH MAKCHMAaJIbHbIe 3HAYeHHA Hanlopa H, 
COOTBETCTBYIOWWMe KaKIOH KPHBOH. | 

JIMHHHM paBHBbIX BBICOT OTCacbiBaHHA HY, cTpoAT Ha OCHOBaHHH JIHMHHH paB- 
HbIX O, HMCIOULHXCA Ha laBHbIX YHHBepCaJIbHbIX XapakTepHCTHKaX. 

Ilopaxgok NocTpoeHHiaA JMHHH, paBHbIx H,, Ha 3KCHyaTallHMOHHOH Xapak- 
TepHcTHKe CAeLyIOuWHH: 

1) WJId KaxKJOrO H3 Halopos, Ip KOTOPOM CTpOHJHCh paboune xapaktepsH- 
CTHKH, HaXOJAT BCHOMOTaTebHble 3AaBHCHMOCTH 


N= f (Qi); 


rye Q; 6epyT NO raaBHOH yHuBepcasIbHOH XapaKTepucTuKe MOE; 
2) QA KaxkOro 43 HaNOpoOB COCTAaBJIAIOT B TAOMHUHOH PopMe pa, Mocrejo- 
BaTeJIbHbIX 3aBHCHMOCTeH: 


=f; N=F(Q)s Hs=F(M), 


B KOTOpHX Q; COOTBeTCTByeT 3HaYeHHIO 0, HMeIOWeMyca Ha TaBHO yHHBep- 
CaJIbHOR XapakTePHCTHKe; N BbIdHCAAIOT, NOb3YACb paHee MOCTPOCHHEIMH 


KpuBbimu N = f (Q;), H BHICOTa OTCaCbIBaHHA ONpeyessetca no dopmyse 


| d 
H,= 10,0 —-— — koH; | (11.9) 


3) WIA KaxkROrO H3 HallopoB CTPOAT KpuBble H, = f (NV), a nexauue Ha 
HHX TOUKH paBHBIX 7, NnepeHOocaAT Ha SKCILIyaTalHOHHyWO XapakTepHcrTHky Typ- 
GHHbI H COeAHHAIOT laBHBIMH JHHHAMH. 

Tlocrpoenve AHHH OFpaHH4eHHA MOILHOCTH Ha SKE yaTawuOHHOH Xapak- 
TEPHCTHKE MIA palalbHO-oceBEIX H MpoMeepHBIX TYpOHH MPOH3BOLAT N10 
AHHHH 5-IpOWweHTHOLO 3alaca MOMHOCTH riaBHOH yHHBepcabHOH xapaktepH- 
CTHKH HH HelocpeAcTBeHHO MO paGo“HM XapaKkTepHCTHKaM. 

Y MOBOPOTHOMONACTHEIX Typ6HH NpH Hallopax Bille pacueTHOrO M0 MOILL- 
HoctH H, MOLLHOCTB TYpOHHbI OrpaHHYMBaeTCA MAKCHMA@JIbHbIM yIVIOM yCTa- 


HOBKH Aonacter Qmax = = const, a IpH Halopax HHxKe pacteTHOTO—MaKCHMab- 
HbIM OTKPbITHEM HallpaBAAoMero aNMapaTa Ay max = const. 


Benuuuna Qmax H Qomax Ha rlaBHont yHHBepCcabHort XapakTepHcTHKe Typ- 
OHHBEI ONPeReIHETCA NMOMOKEHHEM PaCkeTHOH TOUKH, COOTBETCTBYIOINeH HOp- 
MaJIbHOH MOLWJHOCTH NV ApH pacueTHOM Hanope Hp. 

IlpuH noctpoeHuu skcnsyaTalHoHHon XapakrepucTuKH MbI HCXOMMJIH U3 
NOJIHOrO TeOMeTpHUeCKOrO NOMOOHA MOeMH HM TYPpOHHbI. OnHAaKO 9TO He BcerAa 
BbijepxHBaeTcH. B AeHCTBHTeJIbHOCTH 4aCTO MPHXOANTCH AelaTb BHIOOp To 
YHHBepcabHOH XapakTepHcTHKe, CHATOH MO MOeNH, y KOTOPOH OTJeMbHbIE 
3JIEMCHTHI NPOTOYHOH YaCTH OTMHYAIOTCA OT TAKOBbIX B TypOHHe. B 3TOM Cy4ae 
HaNO 3HaTb, KaKoe BJIHAHHe Ha SHeEpreTHyecKHe NOKasaTeAH TYPOHHbI OKa3bl- 
BaeT TO HJIH HHOe OTCTYMJeHHe B NpoTOUHOH uacTH. II[porounyw wacTb peakKTHB- 
HOH TYPOHHbI COCTaBJAIOT: TYPOHHHAA KaMepa, CTaTOp, HallpaBJAIOWHH all- 
napatT, KaMepa pa6ouero Komeca HW OTCaCbhIBalollan TpyOa. 

HanpaBsaarouyHi almapat 4 cTaTop NpH HeH3MeHHOM Mpoduse HalpaB1Ato- 
mero alllapata H Np cOOMOAeHHH PaBeHCTBa OTHOWICHHH BbICOTHI H WHaMerTpa 
HalipaBJIaloulero anfapata K JvamMetpy pa6oyero Koseca MpH H3MeHeHHu 
OCTaJIbHbIX KOHCTPYKTHBHBIX Pa3MePOB He OKAa3bIBaeT 3AMETHOTO BJIMAHHA Ha 
NapaMeTpbl TyYpOHHb!. 

TypOuHHasd KaMepa Oka3biBaeT BAMAHHE Ha napamerppbi TypOuHpl. [lepexon 
OT OTKPbITOH KaMePhI K CNHPasIbHOH CO3AaeT AONOMHHTebHbIe NOTepH Hanopa 
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Ha TpeHHe, KOTOPble pacTyT c yBeJIH4YeHHeM OblCTpOXOMHOCTH TYPOHHBI H HMCIOT 
TeM OOJIbIllee 3HAYeHHe, 4YEM yKe CIHPabHaA Kamepa. 

Ilo 4aHHbIM ONBITOB Nepexog OT OTKPbITOH KaMepbl K CNHPaJIbHOH CHMKaeT 
K. Tl. 2. B MaKCHMyMe paOoueH XapakTepHCTHKH TpHMepHo Ha 0,5%, a npn 
OOJbINHX OTKPbITHAX elle H YMeHbIWNaeTCA MOMHOCTh Ha 2—5%. : 

OTH MONpaBKH HMeIOT GobIoe 3HaxeHHe AIA TYPOWH MaJIBIX WH CpeqHUx 
pasmepoB D, = 2,5+3 mM, C yBeAHYeHHeM JHaMeTpa 3TH NOMpaBKH yMeHb- 
wiaioTca H Up D, = 8+9 m MX MOKHO He YUHTbIBATh, TAK KaK C POCTOM pa3- 
Me€pOB OTHOCHTeJIbHbIe NOTePH B CNMpasIH YMeHbIlawrTcs. 

SHAaYHTeIbHO OoubWee BIMAHHeE OKAaSbIBaeT Mepexoy OT NPAMOM OTCACHI- 
BalolleH TpyObl K H3OrHyTOH, Tak Kak 3]@Cb CYIECTBEHHBIMH CTAHOBATCA MeCcT- 
Hbie NOTepH Hallopa OT H3MeCHeEHHA BeJIMYHHbI WH HallpaBJIeCHHA CKOPOCTH B KO- 
JleHe Tpy6bl. : 

BewuvHa NOHWKeHHA K. Il. 1. H MOULHOCTH B 9TOM Cy4ae 3aBHCHT OT reo- 
MeTPH¥eCKOH POPMbI H3OrHyTOH TpyObl H riyOHHbI ee, a TaKxKe OT TUNA Typ- 
OHHBI. | 7 

Jia paquanbHO-oceBEix TypOHH IpH Nepexoge oT NpAMOH KOHHUeCKO: OT- 
CacbiBaloleH TpyObl.K H3OrHyTOH C paBHOBeJIMKHMH BbIXOMMBIMH CeyYeHHAMH 
TpyO yMeHbilleHve K. 1. 4. OyzeT oKoO 0,5—1,0% B 3aBHCHMOCTH OT MOII- 
HocTH TypOuHbI. IIpH nosHOw MOWHOCTH GyyzeT Oobiee 3HA4eHHE CHHKeHHA 
K. 11. J., pW YaCTHYHOH Harpy3ke BeIM4HHa CHHKEHHA K. I. A. OyeT YMCHb- 
WiaTbcs. | 

Af MOBOPOTHOMONACTHBIX TYPOHH, OCOGeHHO G6bICTPOXOAHBIX, opMa oTCa- 
CbIBalOMleH TPyObl Ooslee CyiWlecTBeHHO BIMAeT Ha K. Il. 2. WH Ha NpONycKHy1w 
cnoco6xoctb. Ilostomy 418 STHX Typ6uH pH BEIGOpe NapaMerpoB HeEOOxouMO 
OOA3aTeIbHO NOb3OBaTBCA XApaKTepHCTHKAMH, KOTOPble NOMYYeHI IPH HCHBI- ~ 
TaHHAX MOeJH C NOJHbIM MOJeJIMPOBaHHeM OTCACLIBalOleH TPyG6bl, T. e. WIA 
BepTHKaJIbHbIX TYPOHH C M3OrHyTOH TpyOoH HW WIA TOPH3OHTaAbHbIX TYPOUH 
C MpAMOOCHOHM OTCacbIBalolleH Tpy6oH. | . 

JL18 TOPH3OHTaIbHEIX TYPOHH C BaJIOM, NPOXOAALLMM CKBO3b KOJeHO OTCAa- 
CbIBalOleH TPyOb, IPHBeEAeHHbIA pacxol TYPOHHbI MOXKHO ONpeseuTd M0 MmpH- 
BeJCHHOMY paCxOy MOJeIH To ceaylouleH opMyvie: © a 


Qir — Qisth, (UIT. 10) 
re  — KoaPPHUHeHT, yYUHTHIBAaIOULMH CTeCHeHHe KHBOTO CeYeHHA BaJIOM; 
| D2— a 

p=, (11.11) 
D? | 


rye D, — BbIXOJHOH AHamMeTp paGOoyero Koveca; 
d, —- MaMeTp Basia. 
Aid aHHOrO cay4ad CHMKeHHE K. H. A., BCMEACTBHE BHXpeBLIX MOTepb 
B KOJIeHe OTCaChIBalollehH Tpy6bl, Gyner Ayn = 1+2%. 
Jia KOTCIbHBIX HIM KOXKYXOBLIX TYPOHH BAHAHHe KOTAa Ha CHHKeHHeE 7 


HQ; MOXKeT y4HTEIBaTECA CACLYIOWIMMH TompaBKamu (B %): 
Ay = 0,5+ 1,0; 
w = 0,98+0,95. 


Boabtue sHauenua Ay uw MeHbIee 3Ha¥eHHe wp creqyer NPHHUMaTb AVIA 
TYpOHH OobUIHX ObICTPpOXOZHOCTeH. , : 
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5. BbIBOP PA3MEPOB MOLIHbBIX TH]APOTYPBHH 


Bri6op keslecooO6pa3Horo pa3sMepa TYPOHHI H ee MOINHOCTH JIA KpynHoH 
rHApOcTaHuHH HeoOxoZHMO MpOH3BOLUTh C yueTOM BbIOOpa MapaMeTPOB OCTAVJIb- 
Horo O60p yAOBaHHA THApocTaHuHu: reHepaTOpOB, 3aTBOPOB, KpaHoBoro o6opy- 
WOBaHHA, TpaHcopMatTopa U Apyroro 21eKTpoo6op yAoBaHHA. 

ONTHMAaJIbHbIe 10 TEXHHKO-9KOHOMHYCCKEM MOKa3aTeJIAM MapaMeTpbi rH po- 
TYPOHH MOTFyT He COBMaaTb C ONTHMAJIbHbIMH NMOKa3aTeMAMH OCTaJIbHOTO O6opy- 
nopanua TOC. BaxkHbiM TakxKe ABIACTCAH H CTOHMOCTb COOPyKeCHHA CHJIOBOH 
“uaCcTH 30aHHA THApPOcTaniHu, BO MHOTOM 3aBHCAMaA OT raOapuToB TypO6uHHT. 

[losTOMy TOJIbKO KOMIIJIeKCHOe paccMOTpeHHe H aHaJlH3 pa3HbIX NapaMeTpoB 
H T€XHHKO-9KOHOMH4eCKHX MNOKa3aTeseH BCero OO6OpyAOBaHHA THApOcTaHUHH 
H coopyxKeHHaA 32aHHa [SC moryt onpenxeuTb HanOoulee WesecooOpa3Hble Napa- 
MeTpbI THApoTypOuH no BEIpaoorKe SI€KTPOSHEPrHH H MHHAMYMY eHeKHBIX 
3aTpar. 

Jina CBepXMOILHBbIX ‘pulposnexrpocranmHii TEXHHKO-9KOHOMMYeCKHH aHa- 
AW3 IIpH BbiGope Wenecoo6pasHO MOMHOCTH eHHHUHOTO THA~poarperata u 
KOJH4eCTBe MalIHH, yCTaHaBJHBaeMbIX Ha TOC, ocoOeHHO BaxkKeH B cayyae 
NIPHMeHeHHA THAPOTypGOuH NpejebHbIX pa3MepOB H MOIINHOCTH, Co3qaHve KO- 
TOPHIX CBA3@HO C NpeOOJIeHHeM KOHCTPYKTHBHbIX H TEXHOJIOTH4eCKHX Mpo- 
OJIeM, KOTOPbie JOJIKHbI YAUHTHIBATbCA HAapAYy C BONMPOCaMH BbIPaOOTKH 3eK- 
TPOSHEPrHH, CTOMMOCTH oOop ynoBaH tA H COOpyKeHUA CHJIOBOTO 3aHHA PHApO- 
39JIEKTpOCTaHIHH. 

TulaTeJIbHBIH KOMMJI€KCHBIM TEXHHKO-3KOHOMHYCCKHH aHaJi3 npy BLIGOpe 
o6opynopaHHa POC nponssosutca mpoekTHpOBMuKaMH THApocTaHiHh, OHaKO 
IPH 3CKH3HOM IIPOeCKTHPOBaHHH YHMKaJIbHbIX THAPOTYPOHH HW yCTaHOBJIeHHH 
HX NapaMeTPOB NMOJIe3HO H KOHCTPyKTOpaM TYPOHH 3a4HHMATHCA TAaKHM TeEXHHKO- 
SKOHOMHYeCKHM 4HalH30M. Hume H3maraeTcA BOSMOKHAA CXeMa TaKOLO aHa- 
J1H3a. 


Puipotyp6uns - 
MowpHocTb PHAPOTYpOuHEI ONpesenAeTcA BEIPAaKeHveM 
N=9,81IDIHVH Qn. (I11.12) 


KosbpuuvexT moesHoro JeHCTBHA OXHOTHNHBIX THApOTypOHH pH HeH3MeH- 
HOM Harope oTmMuaeTcH HeMHOTO. Hanpumep, pH yBeJIHYeHHH AMametpa 
B [Ba pa3a K. 1. J. yBeJsIMUHBaeTCA AHUIb Ha 0,5—0,7%. Tlostomy, npene6peraa 
pasHHeH B K. Nl. ., MOXKHO CYUNTAThb, YTO MOUIHOCTh TYPOHHbI BO3PacTaeT Mpo- 
NOPMWHOHAIbHO KBaaqpaTy AHamMetTpa padouero kKovleca 


‘N= aD. ~~ (IIL.13) 


Bec ruaporyp6uH BospacTaeT NpHMepHO NpOMoplvOHabHO AHaMeTpy pa- 
Ooyero kovieca B CTeleHH 2,5 


G = BD;". (111.14) 


TpyAOeMKOCTb H3rOTOBJICHHA OAHOTHMHbIX MO KOHCTPYKWHH THApOTypOHH 
Ip HOJIM3HTeJIbHO MpOnoplMOHaabHa jMameTpy B cTeneHH 1,5 


T = yD;". (11.15) 


CneqopaTesbHO, C yBeAHYeHHeM JMaMeTpa TypOHHbI pH HeEH3MeHHOM KOH- 
CTPyKWHH Bec TYPOHHEI BOSpacTaeT ObicTpee, YEM MOLLHOCTH, H YACJIbHbIM pac- 
XO MeTasia Ha 1 Kem MOWLHOCTH yBemHuMBaeTen. Bmecte c TeM yBejH¥eHHe 
TPYNOCMKOCTH HSTOTOBCHHA OTCTaeT OT POCTa MOM[HOCTH, HM yieIbHaA TpyO- 
€MKOCTb Ha | Kern MOWHOCTH Nafaer. 
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C yBeiwueHHeM eCHHHYHOH MOUIHOCTH arperaTa H yMeHbIMeHHeM O6nmero 
HX KOJIMUYECTBA, NOLMeKaUlerO H3FOTOBJeHHIO, IHKJI HX NpOH3BOACTBa COKpa- 
laeTcs. 

To Bce cipaBesHBO MPH HeEH3MeHHOH KOHCTPyKUMU TYpOUH H NpH AHa- 
MeTpe paooyero Kovleca, oGecnewHBalonlem nowyyeHve TpancnoptTaGespybix 
feTalew TypOHHbI. 

B culydae CBepXMOMHEIX TYPOHH HW NPHMeHeHHA AHaMmetpa Kovieca 6obIINXx 
Ppa3MepoB, MPH KOTOPOM CaMO KOJeCO H KOJIbIeBbIe JeTanmu TypOHHbI mpH- 
XOMHTCA PaCWICHATb Ha OTJCJIbHbIe TpaHcnopTabeJIbHbie YaCTH H COCAHHATD 
UX B €HHY!O KOHCTPYKILMIO Ha MOHTAKe HE TOKO C TNOMOLMIbIO GOJITOBBIX CO- 
eCHHeCHHH, HO HW CBapkKOH, OaHaxKOM, 3€MKOBBbIMH COeCJHHCHHAMH HK NOMOOHbIMH 
onepaluvAMH C BOSMOKHOH NocseLylomeh O6pa6oTKoH AeTaneH Ha MOHTaKHOH 
MIOUWaLKe, TPYHOCMKOCTb H CTOHMOCTb H3IOTOBJICHHA TaKOH TYPOHHEI BO3- 
pactaror. 

B KayecTBe NpHMepa MOXKHO NPHBECTH palaJIbHO-OceBOe KOJIECO AHaMeTpOM 
D, = 7,5 mM, WpeqHasHayenHoe AIA padooThl Ha THApOcTaHuHH c Hanopom H = 
= 100 om. 

Takoe kovieco 10 YCHOBHAM TpaHCHOPTHPOBKH MO 2xeesHOH Aopore AOMKHO 
COCTOATb H3 YeTHIpPeX WaCTeH, KOTOPbIe NPHXOAHTCA CBApHBaTb B enHHyrO KOH- 
CTPyKILHiIO Ha MOHTaxe. 

Ilocne cpapku norpe6yerca OTKHT, 2 BO3MOXKHO H MexanHuecKkan o6pa- 
OoTKa. EcrecTBeHHO, 4TO CTOHMOCTb H3TOTOBJIeHHA ruqporypouH C TaKHM IIpo- 
IeCCOM NpOH3BOACTBa YBeJHUMBaeTca. 

Takum o6pasoM, Ip yHerMuenuu ra6apuTos TypOuHEI C HeEKOTOpOrO pas- 
Mepa ee JiHaMeTpa, OMpeyesAHeMOro HeEOOXOAHMOCTHIO pacwJIeHeHHA eTasei, 
yYNebHad CTOMMOCTb TYpOHHbI OyjerT BO3pacTaTb 6picTpee 3a cyuer ROMONHH- 
T@JIbHbIX ONepalHH NO OOpaootkKe JeTasleH He TOJIbKO Ha OCHOBHOM MpoOu3BoR- 
cTBe, HO H Ha MOHTaxe, Kyla NoTpeOyeTcaA NepeHOCHTb HEKOTOPbie TEXHOJOFH- 
yeckHe OfepallHH MpOu3sBOACcTBa JeTaneH ruApoTypOunH. IIpu stom 6yAyT 
YBeCIH4HBaTbCA H TPaHCNOPTHbie pacXOJbl. 

MoxXHO C4HTaTb, YTO CTOHMOCTb THAPOTyPOHHb! CKJabIBaeTCA B OCHOBHOM 
43 CTOMMOCTH MaTepHaJla, 3aBHCAINerO OT BECOB TYPOHHEI, H CTOHMOCTH pa6o- 
ueH CHJIbI IPONOPUMOHAJbHO TPYAOeCMKOCTH H3TOTOBJICHHA TYPOHHHI, BKIOUaA 
COOTBETCTBYIOMNNHe HakJlaHble pacxoOJH. 

IlostoMy CTOHMOCTb TrHApOTyp6HH MOXKHO MpeAcTaBUTb Kak cyMMy JIByX 
COCTaBJIAIOULHX 


S,= kpDit? + kpDi”. (111.16) 


Hleppnit aie XapakTepH3yeT CTOHMOCTb MaTepHala, BTOPOH — Tpy0em- 
KOCTb H3FOTOBJIeHHA. CTOHMOCTb AONOJIHHTCAbHLIX 3aTPaT MPOH3BOCTBA 
B CBA3H C yBeJIH4YeHHeM raOapHToB OyeT yMeHbIUaTbCA H MOXET ObITH OLeHeHA 
KOSPHUHeEHTOM &,, 


luyporenepatoppi 


Bec rufporeHepatTopa HaxOAHTCA B 3aBHCHMOCTH OT MOLLHOCTH H OT 4HCIa 
l 

o6opoTos G, = r(N, =) . | 

Hanpymep, py yBeJIMYeHHH MOLM[HOCTH reHepatopa BaABOoe (oT N = 175 000 
yo N = 350 000 xem) ynaenbubiih Bec ruyqporenepatopa cHwxKaeTca B 1,5— 
1,6 pasa, a MpH NOHWKeHHH YHCIa OGOpoTOB oT n = 125 no 75 o6/mun 
MH He€H3Me€HEHHOH MOINHOCTH TeHepaTopa YJeJIbHbIM BeC eFO BO3PacTaeT TIPH- 
MepHo Ha 80%. 

lismenenve unca OOOPOTOB pe3kO CKa3bIBaeTCA TakxKe Ha raGapHTHbIX pa3- 
Mepax rH porenepaTopos, KOTOPble C MOHHKeHHEM 4YHCIa OOOPOTOB CHJIbHO BO3- 
pacTawor. 
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CiaenyeT HMeTb B BHAY, 4TO C BO3SPaCTaHHeM MOULHOCTH H WHaMeTpa pa6o- 
yuero KOJIeCa TYPOHHBI, IPH HeH3MeCHHOM Hanlope, 4Hc10 O6OpoTOB TypOuHbI 
nafaeT, IPHyeM 3STO H3SMeHeHHe YHCJIa OOOPOTOB NPOHCXOAUT OOpaTHO Nponop- 
WHOHAIbHO YBeHYeHHIO AHaMeTpa paOouero KOJeca. CreqoBaTebHO, C yBe- 
JIM4YCHHEM MOLWHOCTH arperata 4Hc0 OOOpoToB reHepaTopa NMayaeT, a ra6a- 
PpHTbI, BeC H CTOHMOCTb efO BO3pacTawvT. | 

CTOHMOCTb reHepaTopa S, MOMKHO NOMAaraTh MPOMOPUHOHAAbHOH UX Becy. 

CileOBaTeJIbHO, 


S.=1(N, —). (1.17) 
[]pH61u3uTeENbHO MO}KHO CUHTATh, YTO 
S, = kD,. (111.18) 


KpaHopoe o6opyzoBaHHe 


Bec H CTOHMOCTb KpaHa ABAIOTCA sbyHKHeH ero rpy30noxbemMHocTH Q 
4 mpoveta L, T.e. 


Gxp — i (Q; L); Srp — fy (Q; L). (IIT.19) 


C yBesiH4eHHeM MOIIHOCTH arperata, KaK yKa3aHO BBIllle, 4HCI0 ero O6Opo- 
TOB CHHKaeTCA M BO3pacTaloT raOapuTbI HW Bec KaK reHepaTopa B IeJIOM, Tak 
H potTopa renepatopa, ABsAIOWeroca HaHOoJee TAKEMON NeTanbio rus{poarpe- 
rata, OlpeesAlomero rpy3ONOMbeMHOCTb KpaHa. CueqOBaTebHO, C yBesHue- 
HHEM MOIJHOCTH arperaTa yBeJIH4UHBaeTCA poser KpaHa UH ero rpy30nosbem- 
HOCTb:; | 

PpysonogqbemHocTb KpaHa Q ompegesneTcA BeCOM poTOpa reHepaTopa, 


a Bec PpOTOPa MOXHO CUHTATbh NPONOPIMOHAJIbHbIM KyOy BHaMeTpa paGouyero 
Kovleca, T. e. | 


Gpom == OD}. (II1.20) 


IIpouer KpaHa MOXKHO CUHTaTb -PONOPHHOHAABHbIM AMaMeTpy pa6ouero 
KOuIeca, T. e. 


L = kD,. : (III.21) 
CireqOBaTeJIbHO, CTOMMOCTb KpaHOBOrO OGOPyAOBaHHA MOMKHO CUMTATh PaBHOH 
Sp = RepDi- (111.22) 


lilutosoe o6opyaosanue : 


[Iponetbl 2A UWHTOB B BOJONMpHeMHHKe -HanopHoro Tpy6onpoBora mpo- 
MNOPUHOHAJIbHbI AHaMetTpy padouero Kosieca. Bec NOCKHX IHTOBbIX 3aTBOPOB G, 
H HX cTOHMOCTb S, OyAyT NPHMepHO NpONOpWHOHAaJIbHbI TpeTbeH CTeMeHH po- 
Jleta L, T. e. TpeTbeH cCTeleHH ZHaMmetTpa KOvieca , 


S.= kD} (111.23) 


Hanopupie TpyGonpososi 


Hanopubie TpyOONPOBOAbI AIA cCpeHeHaNOpHOH TypOHHbI OObMHO Mpo- 
XOAAT B TeJle NJIOTHHbI H NOJHOCTbIO 3a6€TOHHPOBaHE!, MOSTOMY HX BeC H CTOH- 
MOCTb OyAYT B OCHOBHOM OlIpeeaATbCA AHAMeTPOM HU TOMMIHHOH CTeHKH. Tak 
KaK TOJIMLHHa CTCHKH HaNOPHbIX TPYOONPOBOAOB NpONOpuHOHalbHa eFO Ha- 
MeTpy Dz», TO Bec TpyO6onpoBoya GyeT ONpeenATDCA TO PopMyvie 


Gimp = RmpDnp- (I11.24) 
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Ecau BMeCTO OJHOTO Tpy6onpoBoga B3ATO 2,3, ..., nm Tpy6onpoBOAOB, TO 
lip H€H3MCHHOM CYMMa4PpHOM HX CeveHHH JMaMeTP KaxKZOrO H3 HUX d GOyjer 





d= me 
n f ~ 
a CYMMApHBIH Bec 
¥ Ginp = Rmpn (v2 ) = RmpD ap: — (III.25) 


TakHM o6pa3om, oOO6mua Bec HaNOpHEIX Tpy6ompoBogzoB, a CefOBaTeIbHO, 
HX CTOHMOCTb OyeT MAIO 3aBHCeTb OT UHCIa OGOPOTOB H MOLLHOCTH arperata. 


JneKkTpoobopysoBpaHne 


C BpospacTaHHeM MOLJHOCTH arperata ui yMeHbuleHHeM HX 4HCJa yMeHb- 
WiaeTCA KOJIMYECTBO MACJIAHBIX BbIKMOUAaTeeH, PpasbeqHHHTeNeH, TpaHcdop- 
MAaTOPOB TOK@a, a TaK2Ke 3aU,HTHOH, KOHTPOJIBHOH H H3MEPHTeJIbHOH allnapa- 
Typpl. IIpH cxeme 6s10Ka renepaTOp—tTpaHcopMaTOp COOTBeTCTBeEHHO YMCHb- 
WaeTCA KOMHYECTBO CHJIOBLIX TDaHC*POpMAaTOPOB. 

C apyrok CTOpOHHI, YBeEAM4YHBaeTCA CHJIa TOKAa H MOILHOCTb BceH YNOMAHYTOH 
BbIe almapaTypbl, 3a HCKJOUeHHEM 3allHTHOH, KOHTPOJbHOM H M3MepH- 
TeJIbHOH. 

B WesIOM MOXHO NOMaraTb, YTO H3MeHeHHe MOULHOCTH arperata B 1,5— 
2 pa3a pe3ko He oTparxkaerca Ha CTOHMOCTH 3/IeKTpOObopyAOBaHHA. 


CrpoutesbHas 4acTb cHJOBOrO siaHys rac 


OcHoBunie ra6apHTHbIe pasmeppr GeroHHOrO 610Ka’ ‘Snanna® T3C onpe- 
JeAIOTCH Pa3MepaMH CIHpasbHOH KaMepbl B MviaHe WM TayOHHOH OTCAaCbIBalo- 
meH TpyObl, T. €. paCCTOAHHeM OT OTMETKH HH 2KHEH MJIATHI NO, OTCAChIBaIOIHMH 
TpyOaMH JO NOAKPaHOBbIX MyTeH. OGbemM CKaJIbHOH BbICMKH, eCJIH OHA TPpe- 
OyeTca NOM CHNOBOe 30aHHe, 3aBHCHT OT NOMaqH OeTOHHOTO O6N0Ka H BbICOTHI 
oTcacbipaHua. PayOuHa CKaJIbHOH BbIEMKH YCJIOBHO MOKET MPHHHMATbCH OT 
OTMETKH cpeHeH JIHHHH HallpaBJIAlomero annapatTa AO HH3a MVJIHTHI. 

SaTpaTbl Ha CTPOHTembcTBO 3faHHA TSC npvHOAMSHTeIbHO paBHbl 


Semp = RempD- (111.26) 


OMNTHMaJIbHbie 3HAYEHHA CAHHHYHOH MOIIHOCTH rHyApoarperata Hu ero Wva- 
MeTpa MOXKHO ONpefeATS 10 MHHHMAJIbHBIM JCHEKHBIM 3aTpaTaM 


Yi Smuian = Sp + Sz + Sep + Ss + Sp + Ss + Sep + So: (III.27) 


CoctTaBAaioukwe CTOHMOCTH 3aTBOpOB S;, Tpy6onpoBofa Spy, IeKTPO- 
o6opyfopaHHa S,, BcnmomMoraTeibHOrO OG6opyaoBaHHA S, MaJlO 3aBHCHAT OT 


MOLWLHOCTH H pa3sMepoB TYPOHHBI. Hostomy HX MO2KHO o603HauHTE NOCTOAHHOH 
BeEIHUHHOH C 


C= 8, + Simp + S, + S,. 


Tora MHHHMaJbHad CTOMMOCTb COOpy2XeHHa Np ONTHMaJbHOH MOULHOCTH 
arperata OyjeT OnpeneaAtbes creayromes CYMMOH: ~ 


yu Smin — kD} + kD" a k 2D + RepDt + RempD?. + C, (HT. 28) 
rye D, — quametp pa6ouero xKovieca; 
k — pa3JM4upie KOSPHILHeHTHI. 


Muorne 43 yKa3aHHbIX KOS@pHILMeHTOB Jake IIpH onpesesIeHHOM Hanlope 
He ABJIAIOTCA MOCTOAHHBIMH BeJIMUHHAMH, a 3ABHCAT OT MOLIHOCTH HM UHCJla 
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odopoTos arperata. Ilostomy @yHKWHOHAJIbHbIe 3ABHCHMOCTH CYMMapHOH CTOH- 
MOCTH CHJIOBOrO 3qaHHA TOC c o6opysoBaHvem OT eHHHYHOH MOMHOCTH arpe- 
rata ABIAIOTCA UPe3BbIVaHHO CJIOMKHbIMH HW He NOWMaouluMucA OOueMy pelle- 
HH1I0. [lostoMy conocTaBJieHHe BapHaHTOB NO CTOHMOCTH IIpHxo_uTCA Mpo- 
BOJHTb NYT€M HeMOCPeACTBEHHbIX MOACYeETOB H CYMMHPOBaHHeM CTOMMOCTeL 
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Puc. III.8. Ppadux 3apucumoctu yyenbHblx CTOHMO- 
cTeH H BeCa OT MOMLHOCTH arperata (Hanop H = 100»): 


i — CTOHMOCTbh CTPOHTeJIbHOM YacTH 3qaHUuAa TSC (BKmouan 
KpaHopoe o6OpysoBanHe); 2 — cCTOHMOCTb TYp6HHHOrO O60- 
PYAOBAHHA, 3 — CTOMMOCTL Typ6HHHOrO O60pynoBaHHA 6e3 
AONOAHUTCABHDIX TpaHCNOpTHHIX H TeEXHOJOrH4eCKHX pacxo- 
OB; 4 — CTOHMOCTh reHepaTOpHoro oG6opyAoBaHuA; 5 — cym- 
MapHax CTOHMOCTS 3faHHA PSC (BkKIO4aA CHJIOBOe 4H KpaHo- 
Boe OOOpyfoBaHHe); 6 — Bec Typ6HHDI; 7 — Bec renepatopa 


¥AebHad CTOHMOCTh THzAporeneparopos (kK 


700 800 900 


B KaxKJOM OTJG@JIbBHOM CJlyyae. 

Ha pune. III.8 B xkauectBe 
npHMepa MpHBeeHbl pe3yvib- 
TaThl KOHKPeTHbIX mocue- 
TOB HeCKOJbKHX BapHaHTOB 
rHApOTypOHH pa3HOH MOoII- 
HOcTH OT N = 200000 a0 
900 000 xem ana pa6oTH npH 
Hanope H= 100 m c ycta- 
HOBJICHHOH MoOlLHOCTbIO TSC 
N = 5900+6300 Mem. 

Ha pucyHke anbi rpaduku 
YREJIbHOH CTOHMOCTH, OTHECeH- 
Hble K | Kem ycTaHOBJeHHOH 
MOUHOCTH. M3 sTHx KDPHBBIX 
cueqyeT, 4TO B WHana3zoue eH- 
HH4HbIX MOLWIHOCTeH arperata 
300—500 Mem yaenbuaa cToH- 
MOCTb rHypoTypOuH (KpuBasx 2) 
H3MeCHAeCTCA CPaBHHUTeJIbHO Ma- 
iO, HO BCe *e€ MHHHMaJIbHaA 
yHeIbHaA CTOHMOCTb 6yJeT 
np MouyHOcTsa x 500—550 Mem. 

EcaiH He YYHTHIBaTb JONOW- 
HHTCIbHBIX TP@HCHOPTHDIX H 
TEXHOJOFHYeECKHX pacxOOB, 
NOABJIAIOWHXCH B CBA3H C 60/1b- 
LWHMH raOapuTamMuH KOvleca Typ- 
OMHbI (KpHBan 3), yaenbuan 
CTOHMOCThb TypOHHbi CHHKaeTCA 
H MHHHMaJIbHOe ee 3HayeHHe 
OyeT IPH MomHOcTH 600 Mem. 

JIONOMHUTebHbIe PacxOAbl 
WIA paWasbHO-OceBLIX FHAPoO- 


Typ6uyH (H = 100 m) nosaBaa- 
, IOTCA, 


HauHHawA Cc jvaMmetpa 
Koeca D = 5,5+-6,0 om. 


puBax 4) c BOo3pacTaHveM eaL- 


HHUYHOH. MOWHOCTH TpHmMepHo Ao 800 Mem nenpepprBHo nagaetT, a nocwle MOUL- 


HocTH 800 Mem HaunHaer Bospacratp. 


_ Crpouteabubie satpaTpi Ha 3gaHHe TSC (kpupan /) BMecte C KpaHOBBIM 
OOOpyAOBaHHeM C POCTOM MOITHOCTH HeMpepbIBHO HW 3aMeTHO yBeHUMBAIOTCH. 
MHHHMaJIbHOe 3Ha4eHHe YJe/IbHbIX 3aTPaT HMeeT MECTO IPH MOWIHOCTH arpe- 


raTtoB 250—300 Mem. 


HaviMenbillad .cyMMapHasd yyebHad CTOMMOCTD 3naHHA I OC (kpuBasn 5), 
BKJ04aA CHJIOBOe H KpaHoBoe OOOpyoBaHve, NOMyyaeTcA Mp eHHHYHBIX 


MOIUHOCTAX arperatoB 600—700 Mem. 


Ilo BecoBbiIM NOoKasaTe/IAM MHHHMaJIbHOe 3Ha¥eHHe NOJyuaeTca y TYPOHH 
mp MouHocTH 500—600 Mem, a y renepatopa npu momunoctu 700 Mem. 
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6. IKCHEPHMEHTAJIBHbBIE HCCWENOBAHH SI 
HANPAKEHHOFO COCTOAHHA AETAJEH FAHAPOTYPBHH 


IIpu cratuuecKHx Harpy3Kax BeM4HHa JOMYyCKaeMBIX HallpAxKeHHH oO Onpe- 
J@NAeTCA B 3ABHCHMOCTH OT Mpesea TeKyyecTH OG, 





o= in? (IIT.29) 


rie k, — 3anac MpouHocTH. 

IIpu MpOeKTHPOBaHHH AeTasen rHaporyp6un, Kak paBHio, npunumaercs 
k, = 1,0+2. 

lpu NepHOAM4eCKH MCHAIOMUNMXCA Harpy3Kax, CO3alouluxX JAHHaMHyecKHe 
HallpA>KeHHA B MaTepHaule WeTasleh, JOMyCTHMble HallpAKeHHA 3a]aloT B AOMAX 
OT Mpefeta ycTaslocTH. BeH4HHOH Npesea ycTanocTH CUUTAaIOT TO 3HakoOrepe- 
MeHHOe HallpxAKenHe (H3rHOa, pacTAKeHHA WIM KPyYeHHA) MPH CHMMe€TPHYHOM 
WHKJe HaNpAxKeHHA, KOTOPOe OOpaszell MOXKET BbIZEPKaTb MpakTHYeCKH GOecKko- 
HeuHOe UHCIO pas (AIA YepHbIX MeTaM0B Oompue 10-10% uw ana WBeTHEIX — 
100 - 10°). 

OOblyHO cTaTHYeCKHe HW AHHAMHUeCKHE HalIpAKeHHA MeHCTBYIOT OJHOBpe- 
MeHHO. Kpome Hallp A2KeHHH OT BHELWIHHX Harpy30K, YacTo (oco6eHHO- B ReTasax 
CJIOMKHOH KOHCTPYKILHH) BCJeEACTBHe HepaBHOMepHOH TepMHYeCKON OGpaborKkH, 
HeOAHHaAKOBOH TeMMepaTypbhl wacTeH eTasIv UW T. J. BOSHHKAIOT BHYTPeCHHHE 
HallpsAxKeHuA. B TakOM Cilydae axe Np CHMMeTPHUHOH BHellHeH Harpy3Ke 
6yAyT HMeETh M€CTO 3HAKONepeMeHHble HallpAKeHHA HeECHMMeTPHUHOFO WHKJa. 
BeHuvHa AOMYCTHMbIX 3HaKOMepeMeHHbIX HallpAKeCHHH T1pH HECHMMeTPHUHOM 
I\HKJIe IIPHHHMaeTCA MCHbIIe, YEM IPH CHMMCTPH4HOM, HW 3aBHCHT OT BeIHYHHDI 
CTaTHYeCKHX HalpsAxKeHHH. Uem OHH OyAyT Goble, TEM MeHbIe JOMYyCKaloT 
3HaAKONepeMeHHbIe HalpAxKeHHA. 

IIpakTtuka rufpotypOoctpoenHa BbIpaboTaia KOHKpeTHbie JOMyCKaemple 
HallpAXKeHHA DJIA Pa3sJIMYHbIX AeTaseH, KOTOPbIMH H NOJIb3Yy!OTCA nmpH MpOeKTH- 
pOBaHHH. . 

PacueT JeTaseH TypOHHbI Ha OCHOBE SJIEMeCHTAPHbIX NOMOKeHUH COMPOTHB- 
JQ@HHA MaTepHaJIOB WH TEOPHH YIIpyrocTH c OpHeHTallveH Ha MAKCHMAJIbHbIe Ha- 
IIpH2KeEHHA B KaYeCTBe KPHTePHA NpPOWHOCTH OOaaeT CYLIECTBCHHBIM HeJO- 
cTaTKOM. XapakTepH3yA HallpAKeHHOe COCTOAHHE JeTasiv Mp ee HarpyXKeHHH, 
TaKOH pacueT He OTPakKaeT HCTHHHOHM CNOCOOHOCTH eTaJIH NPOTHBOCTOATS Ha- 
rpy3kaM. B 3TOM OTHOIMEeHHH Ooslee NPaBHJIbHbIM ABJAeTCA pacueT MNpOuHOCTH 
KOHCTPYKILMH NO NpeebHbIM Harpy3KaM C HCNOJb3OBaHHeM TeOPHH lacTH4- 
HOCTH, JalollleH BO3MOXKHOCTb CyKJeCHHA O HecyilleH cnocoOHOCTH JaHHOn 
JleTasIH, OO HCTHHHOM 3allace NMpOUHOCTH H ee CNOCOGHOCTH MPOTHBOCTOATH Ha- 
rpy3kam. Ho stor meroy, pacueta He NOMy4H NOKa WHPOKOTO TpHMeHeHHsA 
B lipakTHke ruspoTrypOocTpoeHHA, re NOMb3yIOTCH «KJaCCH4YeCKHMH» MeTO- 
aMH OWeHKH NPOUHOCTH MO MAKCHM@JIbHbIM HallpAKeHHAM. 

PacueT Ha I1pOUHOCTb MHOFHX JeTaneH rHpoTypOuH, paOoTarollux B ycuo- 
BHAX HepaBHOMepHOrO HalpAKeHHA H CJIOMHOTO HAarpy2XKeHHO"O COCTOAHHA, 
BeCbMa 3aTpyAHeH. JIA ero BHINOIHEHHA HaO 3HaTb AeEHCTBYIOMNLHe CHJIbI He 
TOJIbKO IPH pacueTHbIX yCTaHOBUBILUXCA pexKHMAX, HO H B Tporecce peryJ1Hpo- 
BaHHA Tp NepexOMHbIX perxkuMax padotnt. PacuerT peTaneH ycnomwHAeTCA H 
BCJIEACTBHE CJIOKHOK MOPMbI pAa eTanenH, HMeIOUNHX GOombwiHe ra6apuTH. 

Ilosromy Ip mpoekTHpOBaHHH HOBBIX THApOTypOHH 4acTO: NOMb3y!OTCA 
IpHOJIM2KeHHBIMH MeTOaMH pacueTa, OCHOBAHHbIMH Ha HMeIOULeMCA ONbITe H 
ipakTHke pacueTa TypOHH, HaxXOAAULHXcA B SKCMIyaTAaHH. 

Jj OnpeqesieHHA CTeMeHH TOUHOCTH MpHOJIHKeHHbIX MeTOJOB pacueta H 
HX YTOUHCHUA NO/b3YIOTCA JaHHBIMH 9KCIMepHMeHTaJ bHbIx MccIeqOBaHHH Ha- 
IpAXeCHHH H AeopMallHH eTaieH MalilHH. | 
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SKCNePHMeHTAJIbHbIe HCCeOBaHHA HallpAxKeHHOFO COCTOAHHA OCOGeHHO 
HeEOGXOAHMbI JWI eTasew CJOXKHOH MOPMbI, MOABepraloulHxca eHcTBHIO 
COXKHOH CHCTeMBI CHJI B CBA3H C CO3aHHeM FHApOTypOHH OObUIHX MOII- 
HOCTeH. 

Jina akcnepHMeHTabHOrO HCCeqOBaHHA pacnpejeeHHa Halps2KeHHi IpH- 
MeCHAIOTCA Pa3JIHUHbIe MeETOAbI: TEHSOMETPHPOBaHHe, MeTO NOKPbITHH, nowA- 
pH3allHOHHO-onTHYecKHH u Ap. 179]. 

B rugpotyp6ocTpoeHHH pH UCCeAOBaHHH MOJeJbHbIX H HAaTYPHBIX NeTa- 
eH NOTyYHIH WHpoKoe npumenente MeTOJbI JIAKOBbIX NOKPbITHH H 3eKTPO- 
TCH3SOMCTPHPOBaHHA. 

IIpH HcceloBaHHH JeTaH MeTOJOM JIaKOBOTO NOKPBITHA Ha ee MOBep X- 
HOCTb HaHOCHTCA CJIOH TEH3OUYBCTBHTeENIbHOLO JlaKa, TBeEpAelomsero NMoce BbI- 
cpixaHHa. IIpu nocelyioujemM Harp yKeHHH JeTasH Ha ee MOBEPXHOCTH, MOKpbI- 
TOH TCH301IAKOM, NOABAAIOTCA ylipyrve AesopMalvHu pacTAKeHHA, KOTOPBIe 
MOryT MOCTHraTb KPHTHYeCKOFO WIA MaHHOTO MaKOBOrO MOKPbITHA 3HayeHHA 
MW laBaTb IPH 3STOM BHJHMble Ha [la3 TpelHHbI. Bemwunna KpHTHYecKOH Aedop- 





Malu ( Epas = pee ) AJA AAHHOTO JIaKa Hda3biBaeTecu NOCTOAHHOK NOKPBITHA. 


Heo6xogumo, 4YTO6bI NOCTOAHHbIC MAKOBbIX NOKPbITHHt ObIVIH MeHbile TOFO Ha- 
IIPAMeHHA, KOTOPOe OMRKHaeTCA B HCIBITHIBAeMOH JeTamH. MeTox AakoBoro 
IIOKPHITHA MO3BONAeT NOMYYHTb OOWLYIO KapTHHy Halp*2KeHHOTO COCTOAHHA 
eta H ONnpeyeuHTb HalpaBenve T1aBHbIx HalpAMKeHHH. TouHoctTb onpe- 
JleneHvaA HallpaxKeHHH paBHa 10—20%. _ 

JlanbHellliee yTOUHeHHe BeJIMUHHbI HallpsKeHHA MPOBOAMTCH C NMOMOILbIO 
IPOBOJOYHHX. TEHSOMCTPOB, HaKJICCHHbIX NO HalipaBJIeHHAM IIaBHbIX Halips- 
*KeHHH (HOPMasIbHO H KaCaTeJIbHO K JIMHHAM TPeLHH B MOKPbITHH). 

CyilHOCTb TEHSOMETPHUECKOLO MeTOMa 3aKIIOUaeTCA B TOM, 4TO Ha NOBepX- 
HOCTb HcculeqyeMOH eTaH HAaKJIeHBaeTCA UYBCTBHTeJIbHbIH K JepopMalluyv 
SJIeEMERT — TIPOBOJIOUHHIN WaTUHK. OTOT paOOuUHH WaTUHK BMecTe C TaKHM Ke 
TePMOKOMH@HCAILHOHHEIM JaTYMKOM HM AByMA perysHpyeMbIMH CONPOTHBAIe- 
HHAMH (yCTaHaBJIHBaeMbIMH B TpHOope) cocTaBAeT H3MePHTeJIbHBIM MOCT. 

- KomneHcalvOHHH JaTYHK ycTaHaBAHBaeTCA B TeX Ke TeMMepaTypHbIx 
YCJOBHAX, UTO H pa6ouHH, HO He CBA3AH C AespOpMHPyemoOH JeTabio H NOSTOMY 
MCKMO7aeT NOTPeWIHOCTb OT TeMMepaTyPHI. 

Tipu gedopmMaluu H3MeHaAeTCA AIMHAa, CeYeHHe MPOBOJIOUHbIX ‘AaTaHKOB i 
COOTBETCTBEHHO eFO 3JIEKTPH4eCKOe CONPOTHBJeHHe. 

VismMeHeHve CONpOTHBeHHA paOouvero JaTUYHKa, BKJIIOYUCHHOTO B OHO H3 
ney MOCTAa, JaeT onpeeseHH yto pasOalaHCHpoBKy Bcero MoOcTa. Ita pa36auaH- 
CHpoBka H CJIyYKUT MepOH JemopMallAH JeTann. 

JjaTunk npejcTaBsseT CO6OH JAHHHYW TOHKYIO MPOBOJIOKy B Bune pemierkH 
H HakJeeHHylO Ha TOHKylO-6ymary. OG6prmHo Gepercd KOHCTaHTaHOBaA HH 
HHXPOMOBaA TIpoBOOKa AHYamMetTpom 10—60 mx, AiMHa peliieTKH, Ha3biBaemMan 
6ason, | = 5+20 mm, unorga No 50 mm, OMMYeCKOe COMPOTHBIeHHe AaTINKa 
70—2200 om. 

TIpuknenxa WaTuvKa K eTaAM MpOWSBOAHTCA B Cy4ae KpaTKOBpeMeHHbIX 
HCNbITaHHH MPH NOMOWA KJleA, COCTOALeErO H3 pacTBopa (9— 8%) nelnynouga 
B alleTOHe. Tipu JWJIMTebHOM Tipolecce H3MepeHHA NPpHMEHAIOT kpeMHer1upra- 
neBbia KlIeH (Ne 192T); b®4 uw KkapOHnHOJIbHBIK KeH, TaK Kak IleJJyJOHLHbIA 
HauvHHaeT NOJ3TH. 

TeH304aTuHK pearupyer Kak Ha pactsa2Kenne, TaK H. Ha cxKaTHe MeTaJia, 
KaK Ha CTaTHueCcKHe, Tak H AHHAMHYecKHe JesopMalluH. 

Kpome yeopmallvi, HeOOXOJHMO H3MepATb axKe JaBsenve BOLbI HM BuOpa- 
I[HH B HaTYPHbIX yCJIOBHAX. JA STOTO NPHMeHAIOTCA ClielHaJIbHble JaTYNKH 
WaBeHHh WH BHOpalHH, KOTOPble yCTaHaBJIMBaloTCA B Pa3JIMUHbIX TOUKaX He- 
NOJBHKHDIX HW Bpalllalouluxca eTaeu.- 
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UyBCTBUTeJIbHbIM 9JICEMCHTOM JaTUHKa ABJIAeTCA MeMOpana. JlaBjeHHe BOLbI 
hesopMupyeT MeMOpany, Ha BHYTPeHHeH CTOPOHE KOTOPOH HakseeH TeH30]aT- 
uuK. JlaTaHKH JaBMeHHH yCTaHaBAHBaIOTCA B THe3ax, BLICBEPJICHHbIX B Jle- 
TaJIH, TaK, UTO MOBEPXHOCTb MeMOpaHbl HAXOAUMTCA Ha OJHOM YPOBHe C ToBepx- 
HOCTbIO JeTaiH. IIpopogza OT AaTUMKOB paciiOdaraioTca B AaTyHHOH TpyO6xe. 

Jina 3amMepa BHOpalHh B Avana30He YactoT 30—1200 ey npHMensiotca 
mbesokepaMuyeckHe JaTaUnKH. BuOposaTunk COCTOHT H3 KOpMyca, %KeCTKO CBA- 
3aHHOrO C HccyiIe_yeMoH feTambio. BHyTpH kOpnyca HMeeTCA HHepIUMOHHaA 
Macca, OMHpalonjaaca Ha be3sokepamMuyueckhe HIM KBapleBble nacTHHbEl. [Ipx 
KONeOaHHH JeTanH Macca JaBHT Ha MJaCTHHbI MpONOpWHOHaIbHO YCKOpeHHio, 
B pe3yJIbTaTe 4ero BOSHHKAET, ICKTPOABHKYMaA CHa, NpOMOpUHOHabHan 
aBJIeH HO. 

B cBxA3H Cc GObINMMH CKOPOCTAMH BOJBbI Gompmice mpakTHyueckoe 3HaveHHe 
HMeeT 3allHTa JaTYHKOB HW MpoBoAOB ruApotTypOuHH. JA 3alHTH HCHOIb- 
3YIOTCA MeTa/JIH4UeCKHe JIHCTHI, CKOOHI, peSHHOBble NOKPHITHA H Cilel\MaJIbuble 
Kien. 

OObINHO yCTaHaBJIMBAaIOT Cpa3y OO/IbLIOe YHCMO AATUHKOB. Muororoueunoe 
TCH3OMETPHPOBaHHe OCYIMECTBIAeCTCA MOOUEPEHbIM NOLKMIOYSHHEM JaTUHKOB 
K H3Me€pUTeJIbHbIM NpHOoOpaM C MOMOIINDbIO ILITeMCeJIbHBIX (Ha 20—30 .jaTdH KOB) 
WAH JHCTAaHWHOHHEIX (10O0—150 gzaruuKos) nepekmouateneh. JucTanHiHMoHHbEh 
NepeKOUaTeJIb COCTOMT H3 NepekOUaloulero YCTPOHCTBa H NybTa yupaBuie- 
HHA, KOTOPble CO@AHHEHbI M@XKAY COOOH NpOBOTaMH. — 

-IipH mpounocrupix HcceOBaHHAX Ha MO/eNAX Ilesecoo6pa3sHO TIPHMeHATb 
l1JlaCTMACChI; HeOMeHKOPUT (1HTOH dbenornvsacT) 4 OPTaHHsecKOe CTEKJO 
(ra6a. ITT.4). 


oa 
rT a 6 numa III.4 
MpH6auKenuble xapakTepHCTHKH MaTepHasosB TeH3OMeTpH4eCcKHX ylpyrux MojeneH 


HanpsxKe- | | 
HHe pH Kosobou - 
NOASYIecTH WHeHT 


Moxyaib yupy- Ipezen 
Tonmuna | TOCTH E npu | ™povop- 





Matepuan : B MM es HOCTH On meee rlyaccona 
B KI'/cm? B KI /cm* | 5 KI°/om? | 
Oprannueckoe creksio muctopoe | <10 2,7-104 300 120 - 0,35 
Opranuyeckoe cTekKsI0o B O0Kax}| <400 2,6-104 300 100 0,34 
Heoneitxoput B 6oKax (hacon- | <600 3,2-104 400 150 0,35 


HbIX) 


HeomenkKoputT HW OpraHHyeckoe cTeKO B ON0KaX TIPHMeHHAIOTCA QA “3ro- 
TOBJICHHA MOesleH MACCHBHBIX TOJICTOCTCHHBIX JeTaseH H KOHCTPpyKUHH MNyTeM 
MeXaHHyeckon O6pa6orTKH. | 

JIucTOBOe OpraHH4ecKoe CTEKJIO IPHFOAHO JIA H3TOTOBJICHHA MyTeM MeXa- 
HuYeCKOH oOpaoorKH HW Nocwelyromlen CKeHKH MOJeIeH CBapHbIX H TOHKOCTeH- 
HbIX KOHCTPyKIUHH. 

BenvuHHy HarpyxXKeHHA MOJeNH onpenensioT MO COOTHOWeHHIO paboueit 
HarTpy3KH P35,,, H MPeWeIbHbIX HAalIpAKeHHH O,,9 H Oaen DIA MaTepHasa MO- 
eH WH feTav 4H NO MaciwTa6y @ reoMerpHyecKOrO NOAOOHA B COOTBETCTBHH 
Cc mopmMy.10H | 

Prog = ( ae?) Poem: (111.30) 

B cayyae HccleOBaHHA HOBOH KOHCTPyYKUHH HeOOxOAHMO NpHOHKeHHO 

paccuHTaTb HaHOouIbivee HallpAKeHHE HI Ke NPOHSBECTH MIpOOHble HCIIbITAHHA. 
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VicceqoBaHHA Ha MOE NPOHSBOAATCA B CJeNyIOUleM NopsAAKe. 

[Ipu MOMOULM XPYNKHX JaKOBbIX NOKPbITHH BEIABJIAIOTCA 3OHbI HAMOO/bIUINX 
HallpAxKeHHH PacTAKeHHA HW CKATHA Ha MOBEPXHOCTH MOEN UW HallpaBJeHHA 
rlaBHbIx JepopMalyH. } 
_ JTIpa pa6ote c TapHpOBOUHbIMH NOKPbITHAMH OWeHHBaeTCA BeJIMUHHAa HaH- 
6OJIbIIHX HanpaxeHHH. []puH NOMOWH MpOBOJIOUHbIX TEH3OMETPOB MPpOH3BOAAT 
3aMep B@JIH4UHH OTHOCHTEJIbHbIX ePOPMaLlHH € B Pa3HbIX TOUKAaX. C MOMOLIbIO 
CTpeJOYHBIX MHAMKATOPOB MH MePHTeVJIbHBIX ckoO NPOMSBOLAT 3aMepbi Tepe- 
MeLIICHHH. 

Ilo HateHHbIM PlaBHbIM ePOpMaWHAM €, H &, OMPeAeAIOTCA aBHble 
HallIpAXeHHA Oy H Og: 


. 
== (es —nes) (I11.31) 


| 
Oo, = Top® (&2 — Med), (111.32) 


rie E — MORyJb IpOAOMbHOK yMpyroctH; 
w.— Kooppunnent [lyaccona MaTepHasa MOJeJH. 

‘Accnenopanua Ha MOMeNAX BaXKHLI H B CBA3H C HaTYPHbIMH H3MepeHHAMH, 
TaK KaK OHH NO3SBOMAIOT ONpeAeIHTb HaHOowee HallpAXKeHHbIe YaACTH KOHCTPYK- 
IlMH, B KOTOPLIX B HaTYPe AOJIKHHI -ObITh H3MeEPeHL AecsbopmMauun. HccezoBa- 
HHA Ha MOJeJIAX NO3SBOJIHIOT YMCHDIMIHTh YHCIO TaTYHKOB pH HaTYPHBIX H3- 
MepeHHAX B.MecTax, re yCTaHOBKa HX 3aTPyAHeHa. 

MeroyuKa HccneOBaHHA Ha TeH3OMeTPH4eCKHX MOeIAX H3 MaTepHasa 
C HH3KHM MOyseM ypyrocTHu 6blia paspabotaHa, MpoBepeHa HU BepBble Mpu- 
MeHeHa B JiaO6opaTOpHH HCCMeOBaHHA HallpAKeHuH UW AedopmMauHH Muctutyta 
MallMHOBeseHnHA. Boia TakxKe paspaOoTana MeTOIMKa HU allapatTypa AJA MHO- 
roTowedHOrO AsMepeHusa Ae*opMalluh, WaBeHHH WH BHOpawH TeTaehH ruApo- 
TYPOHH B SKCIMyaTawMOHHBIX ycOBHAX. PaOoTn npopoguuce H. H. dIpu- 
roposckum, T. E. Pynyamescxum, M. JI. Jatuukom u ap. coBmecTuo c paodot- 
HHKamMu JIM3 B. A. Hemmom u M.-C. KyctTaHoBHuemM B CBA3H C CO3aHHeM 
MOIWHEIX THAPOTYpOHH, KOTOpbie MmpoeKTHpoBasHcb Ha JIM3 [65]. Ha natyp- 
HbIX THAPOTypOWHAX B IKCIMMyaTaMMOHHbIX YCJIOBHAX MPH Pa3JIM4HbIX PexKuH- 
Max pa6oTBI H B Mpomecce peryJHpoOBaHHA UCCeOBaHCb pa3JIM4Hble Bpallarw- 
ULHecA WH HENOABUQKHbIe JeTad THAPOTYPOHWH: OMacTH, KONeCa, BaJIbI, KPbIMIKH 
TYpOHHbI, KaMepbI paOouero kOwleca H Ap. IIpH 3TOM NPUUWOCh pelllaTb C10X- 
Hble TEXHHYVeCKHe BOUPOChI, CBASAHHbIe CO CilelMPHYeCKHMH YCAOBHAMH FHypo- 
TYPOHH, K KOTOPbIM OTHOCATCH: CJIOMHOCTh 3aKPelJIeHHA U 3allLHTEI OT BODHI 
WU MexaHHyeckux NOBpexKNeHHH WaTauKOB WM HX COe@AMHEHHH 6e3 Hap yleHnA 
oOTeKaemMOH OpMbI eTasieH; 3HaYMTeAbHaA NPOTAXKCHHOCTb BCeX JINHHH CO- 
CNHHEHHA OT JaTYHKOB JO OOKOB perHcTpalluuv; 3HAUHTeJIbHaA CJIOMKHOCTH 
OpraHH3allHu H3MepeHHA Ha TypOuHAaX AehcTByiomux TSC c yyerom ux paoorThl 
mo rpadvKaM 9HEprockctTeM HT. I. 

Tip usmMepeHHu Aepopmalui, WaBeHHi WH BHOpauHe BpayalonjuXxcaA jerTa- 
JleH, HallpHMep JIOMacTH KOJleca, NOABJIAIOTCA ClemMdHyecKHe TPYAHOCTH 
B IpOKNaqKe H BbIBOAe MPOBOAOB OT AATUHKOB Ha BPAlaloulvHecA JOMNATKH K pe- 
rucTpupyemoHu alnapatype, yCTaHOBJICHHOH Ha OOJbIIOM paccTOAHHH — Jo 50 mx. 
B MallHHHOM 3auie TOC, CBA3b M@XKAY BPallalOlNMYMHCA HW HeENOABHKHBIMH JeTa- 
JIAMM OCYIECTBJIAeETCA C MOMOMLbIO TOKOCbeEMHHKa, YCTAHOBJICHHOFO Ha BaJly 
TYpOHHBI HAH Hal BO36yAuTeNeM TreHepaTOpa, HJIM Hal MaCJIONpHeMHHKOM. 

OnacHocTh NOBpexeCHHA WaTYUMKOB HU JIMHHM COeAMHEHHH ycyryOuaerca 
BO3MOKHOCTbIO KaBHTallHu. TlosTOMy AaTYHKH WaBJeHHA, AepOopMallHH U BHO- 
pallu JOJOKHBI ObITb MAKCHMAJIbHO repMeTHUHEI. IIpuH ycraHoBke Ha MecTe HX 
HafO HajexKHO 3aKpelVATb HW 3allWWaTb OT MEXAHH4eCKHX NoBpexkseHHH. Han- 
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Goslee PalLHOHAJIbHbIM OKa3aN0Cb 3akpenweHhe JaTYHKOB Ha NOBEPXHOCTH JeTa- 
eH THApOTypOHHbI C NOMOIIbIO KapOHHOJbHOTO Kex WH TOYRUHOH 3/1eKTPO- 
cBapku. CBpepxy TeH302aTYHKH IleJlecoo6pa3HoO NOKPbIBaTb CTAJIbHbIMH MOVIO- 
CKaMH TOJUIHHOK OKOO | mm HW WIHpHHOU OKONO 10 mm, NPHBapeHHbIMH 31eK- 
TPpOCBapKOH K OCHOBHOH JeTasmH. JlaryHHbie TpyOKH Cc NpOBOAaMU OT JaTYMKOB 
JedopMallHu CileqyeT OOBCAHHATS B IPyNNbl WH IPHKpelIATb K NOBePXHOCTH 
ReTasiH (HallipumMep, JOMacTH) Cc NMOMOMLbIO CKOO H3 TOHKOFO JICEHTOUHOTO HH- 
xpoma. CBepxy JIMHHM cCuleqyeT NOKPbIBaTb CTAJIbHbIMH NOJIOCKaMH, NpuBapeH- 
HbIMH 2JIEKTPOCBapKOH. BpicTymarwule JIMHHH Tpy6OK 3aTeM HajJlO WIMaKJIeBaTb 
KapOHHOJIbHbIM KJleeM, CofepmamuM 30—50% cyxoro peuHoro necka. 

JlaTunkH JaBleHuaA 4M BHOpawhu yCcTaHaBJIMBaloTCcA Ha JIOMaTKH B NpesBapH- 
TCJIbHO NOATOTOBJICHHbIe OTBEPCTHA C pe3bOOH HW 3aKPeIVJIAIOTCA BbILIeOMHCAaH- 
HbIM CMOCcOOOM. 

Ha typ6unax Bowxckux TDC maryHuble TpyOKH Cc NpoBOowaMH NO wWoMmacTH 
JOBOAHAHCh AO TOJOBOK 60JITOB, B KOTOpbIe ObIJH BMOHTHPOBaHbl KOHTAKTHI 
OT NIPOBOOB, NpOXoMAHe Yepe3 BTYJIKY pabouero KOJIeca K KOMMYTAILHOHHBIM 
610KaM. ITpocrpanctBo BOKPyr FOJIOBKH OOJITOB C KOHTAKTaMH 3aJIMBaJlOCb > 
cneljdaJIbHOH MACTHKOH, 4TO OOecte4HBaJIO TrepMeTH3aILHIO BBO MPOBOLOB 
BHYTPb BTYJIKH. 

IIpospoya OT TOJOBOK Gonos, NpOxoAANWHe BHYTPH BTYJKH, NOJDKHBI HMeTb 
H30JIAMLHIO, IPHCnoOcoG6eHHYIO K JWIHTebHOH paboTe B Macue. JIA panqnambHo- 
OCeBbIX THAPOTYPOUH MpOKaKa MPOBOAOB OT MOMACTH paOouero KOvIeca NerKO 
OCYINECTBIAeTCA Yepe3 WEHTPaJIbHOe OTBepcTHe Bala. Y TypOHHbI NOBOPOTHO- 
NOMacTHOTO THNA, Y KOTOPOH WeHTpabHOe OTBEpCcTHe Balla 3aHATO WITAHTaMHu 
CHCTeMbI peryJIMpOBaHHa padoyero KoOvleca, MpOBOAa MPHXOAATCA MpomycKaTb 
yepe3 (blaHIleBble CO@MHHEHHA Bawa TYPOMHEI c pa6ouHM kKOvJIecOM,.KaKk. 3TO 
cjlelaHo B TypOuHax LuMasuckonw 4 HapscKxon TSC (puc. III.9). Toxoctem- 
HHK pacnousaraetTca BO3e NOAWHNHHKAa TYpOHHBEI. 

Jaa typ6uH Bosoxckux TOC Hneo6xoquMan ycTaHOBKa MpOBOJOB BHYTPH 
Bala ObWwla MpeycMoTpeHa 3apaHee B IIpollecce mpoekTHpoBaHHA TypOuH, 
NOSTOMy pacnosoxeHue KaOeneH ObI10 6oNee MpOCTbIM, OHH NpOXxoHIH No 
ICHTPaJIbHOH OCH BaJla K TOKOCbeMHHKy, PaciOJIOKeHHOMY Hall MaCJIONp HeM- 
HHKOM. TOKOCbeEMHHKH Hay reHepaTOpoM TpeOylOTCH MeHbIMHX Pa3sMepOB, 4eM 
B CLyuae pacnOslOKeHHA HX BOKPYF Basia, HMetouslero 6ObWIOH WHamertp. B no- 
cieqHeM cily¥ae CaMa KOHCTPyKUMA TOKOCbeMHHKa Nomyuaerca CHOAKHOH u 
6oulee JOporon. 

Han6ouee NOJHbIe MHOrOTO"eUHbIe H3MepeHHs MIpOH3BOAWIHCh B Ipak- 
Tuke JIM3 Ha M3MepHTeIbHOH alnapatype, pa3spaOotanHon IT. E. Pygates- 
ckHM [84] npu uccnenqoBaHHu TypO6uHE! BomxcKkon TIC. OcHOBHBIMH 3/1IeMeH- 
TaMH HW 60KaMH pa3paboTaHHOn H3Mep Te bHOK CHCTEMbI ABJIAIOTCA: 

1) RaTUHKH AedhopMallHh, AaBeHHH, BHOpauHi, yCTaHaBJIMBaeMble Ha JIO- 
nmacTax paOouero Kovleca; 

2) KOMMYTAalHOHHbIe ONOKH, yCTaHaBJIMBaeMble BHYTPH BTYJIKH pa6Oouero 
Kovleca; 

3) TOKOCbeMHHK, YCTaHaBJIMBaeMbIM Ha BaJly reHepaTopa Haj, MaCJIONpHem- 
HHKOM; : 

4) NybT ypaBleHHA, OalaHCHPOBOUHO-KOMMYHUTALLHOHHbIe  IlYJIbTHI, 
MeHDbI OCHHINIOrpaha HW Apyran alnapatypa, ycTanHaBJIHBaeMble B MalliIHHHOM 
gayle THUpocraHwHH. Oban cxeMa anmapaTypbl noKa3saHa ua puc. [I1.10. 

Co3yaHhe H3MepHTeAbHOH allMapaTypbl NO3BOJINJIO OCYUIECTBUTb WHKJIOBbIe 
3allHCH HakKaTHeM MYyCKOBOH KHOMNKH B NyjbTe ynpaBleHHa. B cooTBeTCTBHH 
C yCTaHOBKOH MepekjlouaTeJif K H3MCPHTeJIbHbIM KaHaJlaM NOAKIIOUaHCb 
3aaHHble 10 NporpaMMe aT4HKH. Curnadbl OT AaTUHKOB YCHHBAaJIHCb HM pe- 
rHCTpHpOBaJIHCbh Ha IWWeHpHEIX OCWMANOrTpadhax. OHOBpemMeHHO Ha OCILHJ- 
NOTpacHbIX JIGHTAX 3ANHCbIBaNHCb OTMeTKH BPeMeHH, TOKa3aHHA 4HCHa 
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O6OpoTOB TyPOHHbI H MaCIITAOHbIe HMMNYJIbCbI, NOSBOIAIOWHe TpaBHAbHO pac- 
WIHpoBaTb OCIMIJIOrpaMMbl Np HX OOpaborke. 

Jaa oOecneyeHHA MOMeXOYCTOHYHBOCTH H3MEPHTeJIbHBIX KaHaJIOB BCe 
COCHHCHHA B H3MeEPHTeCJIbHbIX JIMHHAX OCYINIECTBIAIOTCA 9KPAHHPOBaHHBIMH 
Ka6eJIAMH. 

Ha Bowwxcxok ToC um. B. V1. Jlenuna c nomontpio yka3aHHOH alnapatypni 


MCCIeOBaJINCh CHIbI, JEMCTBYIOULHe Ha MOMacTH MW Ha CTeHKY KaMepbi pabouero 


KOJIeca, ONpeseAHCh Je- 
(OPMaIlHH H HalipsKeHHA, 
BOSHHKaloOmwve B JONacTAX 
HB BallaxX, IPH cyeyIouyHx 
Pe@XHMAaX SKCIMyaTalHH rHu- 
UpoTypOun: 

1) myck HW ocTaHOBKa 








K rrioxocoen- 
HUKY 
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TYPOHHH; | 

2) XOJOCTOH XOX HW CHH- 
XPOHH3allynga; 

3) pa6ota Typ6uHbI npH 
pa3HbIX MOomHOCTAX: 25, 50, 
75, 100 u 114 Mem; 

4) TlepexoHbie pe2KHMBI 
B mpolecce peryJIHPOBaHHaA; 

5) cOpocbht Harpy30k: 










125, 90, 60 u 30 Mem. 
Ha monactax 6blo ycta- 
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Sd 
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hla i 
Mek on |! 
2 aN 











| OBJICHO CJIeLyI0 - 
pa ayroulee Kos 
Keene YeCTBO TATIHKOB: waTun- 
typ Si KOB JlaBseHHaA; 80 — necop- 
—7, Dh maiuu; 10 — BHOpanuu. 
te Cie 4 Jlarunku jlaBnenua Ha 
1 KZ m7 , NOMAaAcTAX Pa3MellaHcb B 
roy ts : U7, LLL LLL LE EE LZ - 
DAY zz TPeX WHJIHHApwyeckHx ceye 
ie B af HHAX: KOPHeBOM, cpeqHeM 
as H lepHdepHHHom. 
V tt entagse JlaTuukH BHOpanHH u 


jecbopMallHH — B OCHOBHOM 
B MecTax, NOABeEpralouluxca 
HaHOOJbIWHM BHOpalvaM 
eopMalluH. 

 B pesyaptatre uccaeno- 
| BaHHH Ha AaHHOH TOC Opwio 
nonyyeHo okowo 400 mir. ociHIOrpaMM C HeCKOJIBKHMH THICHYaMH (pakTH- 
YeCKHX BeHUHH JeMPopMallvh, AaBJIeHHA WH BHOpalH Mp pa3sH4HbIxX pemu- 
Max pa6oTb! TypOHHbI. AHaJIOrMuHble HCCIelOBaHHA, HO B MeHbILIeM OObeme, 
OblIH mpoBezenbl Ha LuMaanckoh, Hapscxoh, JJHenposckxohH wu Husa IOC. 
Bce 2TH HccleqOBaHHA JavIW WeHHbIM MaTepHaJl He TOJIbKO ‘NO HalipAxKeCHHOMY 
COCTOAHHIO JleTaseH OTJCIbHbIX THAIPOTyYPOWH, HO HMeIOT BamKHoOe 3HaveHHe HU 
A UcCCAeqOBaHHA pa6oyero nmponecca ruspoTypOun. 

B xkayectBe TipHMepa, HaocTpupylomjero xapakTep MaTepHaJOB, NlOJly- 
YaeMbIX B Pe€3YJIbTATe H3MEPeHHA Ha HATYPHbIX TypOuHaX B OKCIJyaTalHou- 
HbIX YCIOBHAX, IpHBegenb Ha pu. ITI.11, IT.12, UI.13. 

Ha pue. III.11 qanb rpadpuku 3aBucumocte KpyTauero MomMeHTa M,,, 
4HC1a OOOPOTOB nN, AaBMeCHHA p Ha JONAaCTb UH HalpAKeHHH O B ONpPeeeHHOM 
MeCTe JIOMacTH OT BpeMeHH 7? B Nponmecce HaOopa Harpy3KH H OCTAHOBKH TIOBO- 
poTHOJONacTHOH Typ6uHEI HapscKon TSC. 
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Puc. III.9. Cxema pacnousoxenua kaOeneh B TypOHHax 
Ll[uMasnuckon u Hapsexox FOC 
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Pacn0oNnOnceHue 
damyuno6 Ha Nonecmu 
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Puc. III.10. Cxema anmapatyphl 418 MHOrOTOUeUHBIX H3MepeHHH AedopMalHh — yaBenuh 
H BHOpalwh Ha ruyzpotryp6unHax: 


1 — NyabT yupaBueHua; 2 — TOKOCbeEMHHK; 3 — OOK Nepeksmo1weHHh; 4 — AaTUHK WaBAeHuH HHAYKTHB- 
HB; 5 — aTuHK RehopMayHA; 6 — AaTuaHK BHOpauUNH; 7 — WaTaHK AaBnenHHA B KamMepe (TeH30MeTPHY¥e- 
CKHHA); 8 — GanaHCHpOBOYUHO-KOMMYTALLHOHHHIA NYIbT RepopManHA; 9 — yeTaHoBKa JemopMaunh ABYXKa- 
HalbHan; /0 — cTaGHAH3HPOBaHHBIA BEIIPAMHTeJb RehopmManuh; J] — ocnusnorpahd AehbopmMaynn; /2 — 
renHepatop; /3 — cTa6H1H3HpOBaHHblit BLINPAMUTeIb WaBeHHA; 1/4 — GamaHCHPOBOYHO-KOMMYTAaLLHOHHbIA 
IyJbT WapameHnHh; 1/5 — AHana30HHbiA NybT BHOpanUuA; 16 — ycTaHoOBKa BHOpanHA AByXKaHanbHan: 17 — 
cTaOHJHSHPOBaHHHIH BHTIpPAMHTeJIb BHOpanHA; /8 — ocuusNOorpad ARaBneHHh, BHOpanHA; 19 — ycTaHOBKa 
AaBNeHHH ABYXKaHaJibHas | OO 
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Pue. III.11. SHauenua Mxp, n, -go}-29 
pO B liponecce HaOopa Harpy3Ku nanpabasroulee annaparna 
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Puc. II].12. Jimnun papypix 
YACIbHbIX Harpy30K Ha JIO- 
mactb Bomm«cKxon TOC npr 
mounHocTtH N = 50 000 xem 
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Ha pue. III.12 noka3aub! AHHH PaBHBIX YAeAbHbIX HAarpy30K Ha JIOMACTb 
Typ6uHbpt BommaxcKkonh TSC npu mMomuwoctu N = 50 000 xem. 

Ha puc. III.13 ganbi AHHHM paBHBIX TaBHbIX HaNpAxXeHHH Ha padoveH 
cTopoHe monmacTH Typ6uHEI BosmxcKkoh TSC npu uarpy3Ke N = 25 000 xem. 
Tam xe yKa3aHO pacnouomKeHHe TEHSOMETPHYeCCKHX AaTUHKOB. 

TlonApu3alHOHHO-ONnTHYeCKHH MeTO HCCJIeHOBaHHA MOReeH IPpHMeHAeTCA 
B THIpOTypO6oOcTpoeHHH B MeHBIIeH CTeneHH, 4EM MeTOA TEHSOMETPHPOBaHHA; 
NOJIAP H3alLHOHHO-ONTHYeECKHH MeTOX OCHOBAH Ha TOM, YTO OOJIbIIHHCTBO IIpo- 
3Pa4uHbIX H3OTPOMHBIX MaTepHasOB Mo JeHcTBHeM espopMallHH CTaHOBATCA 
JBOAKOMNPeJIOMJIAIOWNMMUCcA. BpisBaHHoe Harpy3KOH HW3MeHeHHe ONITHYeCKHX 
CBOHCTB B TOUKaX TpO3spayHOH MOeH H3MepAeTcA H TaKHM OOpa30M OLLeHH- 
BaeTCA HallpAxKeHHe. 










(350 +10%) wf cm? 





G50Kl fem? IV 
fl 


Bxoonas KOOMK, 


Pue. III.13. JImnnu paBHblx riaBHbIxX HallpsoKeHHH Oo Ha paOoueH cTopoHe OMacrH TYyp- 
6uHEI Bommckow TOC npu uarpy3ke N = 25 000 xem 


Moneav W3 ONTHYeECKOrO MaTepHadia Harpy2KaloTcA aHaJIOTH4YHO HAaTYPHbIM 
jeTasam. B KayecTBe MaTepHaJa JIA MOJ@JIM MOryT NIPHMeHATLCH: Wes yAOHA, 
cdeHOMMacThl H Apyrnve NosoOuble MatTepHaspl. bes HarpyKeHHA OHH H30TPONHE! 
HW CBeT B HHX CBOOOHO pacnpocTpanHaertca:. Tocne Harp yKeHHA MaTepHaJI MO- 
eid CTA€HOBHTCA AHH3OTPOMHbIM. 

Jia HccAeqOBaHHA ONTHYeECKHM CIIOCOO6OM NPHMeHAIOTCA NOJIAPH3allHOH- 
Hbie YCTaHOBKH (NOApucKonb). B ston ycCTaHOBKe CBeTOBOH ny4, nponaa 
NOJIApH3aTop, Maer HalpaBeHHbiit NOJIApU3OBaHHbIH CBET, KOTOPbIH, IpOxoA 
yepe3s MaTepHadl HallpAxXeHHOH MOJeH (anvsoTponHol), pasqBanBaeTca Hi 
WMeeT Be pa3ubie cKopoctH. []liockocTb koje6aHuH DJIA KaxKAOH BOJHEI COBMA- 
JlaeT C MMOCKOCTbIO JEHCTBUA TIaBHbIX HanpsAKeHHH O, WH O,. BemeacTBue pas3- 
JIMUHBIX CKOPOCTeH MexX]Y HHMH BOSHHK@eT JIHHeCHHAA Pa3HOCTb XOJa, Mpo- 
NOPUHOHaAIbHaA Pa3HOCTH [JaBHbIX HallpA*KeHHH. 

3a MOJebIO CTABAT BTOPYIO NOMAPH3aWHOHHYIO MIpH3My HJIM aHaJIH3aTop, 
KOTOPbIM HHTepdepupyer (cKlagbiBaeT) O6€ BOJHbI HM WaeT Ha 9Kpane H30Opa- 
2KeHHE MOJ[@JIH C TEMHbIMH H CBETJIBIMH JIMHHAMH Pa3HbIX MOPAAKOB COOTBET- 
CTBYIOIUX HallpA2xKeHHH B MOEN. 

CxeMa IlOJIApM3alHOHHOH ycTaHOBKH noka3aHa Ha pHc. III.14, rye s — 
HCTOUHHK CBeTa; p — ONApHsaTOp; O-—MOsenb; A — aHaHsaTop; 


138 


9 — 9kpaH. Tako BHeLIHHH BHA UMeeT NOJAPH3alHOHHAA YCTAHOBKa KOH- 
cTpykuHH Mucrutryta mawHHoBenenHa (MMAIL-KB2 c pa6ounm KOeCOM 
yMametpom 130 mm). 

_ YCTAHOBKa HMeeT OCBETHTEJIb C PYYHOK JIAMMOH BLICOKOH aApKocTH. B ycra- 
HOBKe HMeetTca qdboToKamepa 130 xX 180, ra6apuTHblIe pa3Mepbl ycTaHOBKU 
(3360 < 1970 X 700 mm) NOSBOUIAIOT YCTaHaBJIHBAaTb ee B HEOOJbILOH KOMHATE. 





2560 — §00 
Puce. I1I.14.. Wonapusaynouuo-ontHyeckaa yctaHopkKa MMAITLI-KB2: 


/ — HCTOUHHK OCBenIeHHA; 2 ~—— NOUApH3aTop; 3 — NlocKand MOJeb; 4 — anHamu3saTop; 5 — mhoTokamepa; 
6 — OTKHAHOH cCTeCKJIAHHbDIN SKpaH; 7 — HaCTeHHbIM SkKpaH QA yBemuuenHaA. BBepxy NpHHWHnHalbHaa 
: cxeMa ycTaHOBKH 


7. MATEPHAJIbDI, MIPHMEHSAIOWIMECA B THAPOTYPBOCTPOEHHH 


J\JiA USTOTOBeCHHA eTaseH KPYyNHbIX THAPOTYPOHH MPHMeHAIOTCA CTAaJIb, 
“yryH, OpoH3a H B HeOOJIbINOM KOJIHUeCTBeE APyrve MaTepHasb (6a66uT, pe- 
3HHa HW IvwlacTMacca). 

_ boapuimnctso feTaled rHapoTrypOWH U3roTOBJIAIOT H3 CTaIH, KOTOpaA 
IIPHMeHAeTCA B BHJe CTAaIbHbIX OTJIHBOK, CTaJIbHbIX MOKOBOK H COpTOBOTO H 
JMCTOBOrO MeTaJwa. 

Y MOIMHOH MOBOPOTHOMONAacTHOH TYPOHHHI CTaJIbHbIe OTJIMBKH COCTABJIAIOT 
oKosIo 55% o6mjero Beca TYPOHHEI, JIMCTOBOH MH COPTOBOH MeTAaJIJI — OKOJIO 
25%. Jia palWasbHO-oceBoh TYPOUHbI yHeJIbHbIH Bec JIMCTOBOTO HM COpTOBOrO 
Me€TAJIJIOB YBeIHYHBaeTCA U nocturaer 40%, a OCTAIbHbIX OTJIMBOK — YM@CHb- 
maetca oO 40%. 

B cBxA3H co Bce 6ObIIHM puMeHeHvem cBapHBIX KOHCTPYyKILHH 3TO COOTHO- 
HWieHHe H3MCHAeTCA: YBeEJINYHBAeTCA YJeJIbHBIH BeC NPHMeHAeMOLO JHCTOBOLO 
H COPTOBOFO MeTaJIJIa HW YMeCHbIMaeTCA YAeCJIbHbIN BeC CTAJIbHOFO JIHTbA. 

IIpHMeHeHHe 4YryHHOTO JHTbA Y MOINHEIX THAPOTypOuH OrpaHH4ueHoO, OHO 
KoneO6eTcA B mpenenax 8—10% or o6mero Beca TypOMHEI. YeJbHbIA Bec 
HOKOBOK coctaBasnet 10—12%. 

_ .O cooTHomeHHH PasJIMYHBIX MaTepHaJOB qa Kp yNHOH NOBOpoTHO.IONacrT- 
HOH H paWasIbHO-OCeBOH TyYPOHH MOXHO CYAUTb 0 WaHHbIM Tabs. IIT.5 wIII.6. 
_ CraJbHble OTJIMBKH NPpHMeHAIOTCA JIA M3FOTOBJICHHA KPyNHeHWMXx JeTaneh 
fHApoTypOuH, Kak, HallpHMep: KOopnyc pa6ouero KOueca NOBOPOTHOMOTAacTHOH 
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OTCUCCTBCHHDIX 3SaBOXOB 


Ta6nauna III.5 
KOHCTPyKTHBHBEIe H BeCOBbIe JaHHble HEKOTOPHIX PatHaNbHO-OCceBhIX TYPOHH 








w = Y a ‘os 2 ' = t ' qs rst 
3 oR 1 5 as vs Bs 0 ae 5a 5 
e an | 92 ‘2. ak. | Sa | as 5 a a ack. | & 
2 | eg | 2238) f |ge8) as | g8 | g | Bs" | $808 | 5 
~ | ge | HRES | ge |sde| o8 | = | G | Sas | SEE@ | oe 
c TS SLL ng Om HS § mo Et Pa} TRE mags Om 
1933 | 36,0 15,3 126,2-} 2500 | 11,4} 600! 13,5] 3865 |! 3700 | 38,0 
1939 | 35,5 21,0 229,2 | 3000 | 22,5} 750| 16,5] 5 780 4500 44.6 
1946 | 36,3 75,0 623,6 | 5450 | 95,6] 1120 |] 35,1] 8 230 7360 | 147,8 | 
1951 | 39,8] 85,0 619,8 | 5450 | 105,1 |] 1120 | 35,1 | 8 495 7620 | 150,0 
1952 | 52,0 61,5 325.2 | 4100 | 46,4] 920) 31,5| 6435 4964 84,3 
1953 | 285,0] 55,2 148,4 | 2650! 11,9] 615 | 12,0] 3990 1622 45,2 
1958 | 61,0] 77,0 314,0 | 4100 | 44,7} 9201] 27,0| 6480 5024 77,4 
1960 | 63,0} 152,0 584,0 | 5500 | 95,6] 1400 | 30,6] 8 430 7500 - | 128,9 
1960 {| 96,0{| 217,0 568,0 | 5500 | 103,0] 1500 | 32,7] 8500 7000 | 135,9 
1960 | 307,0| 56,5 138,9 | 2450| 6,8} 600} 6,8! 3390 1600 41,0 
1964 | 93,0) 508,0 1342,0 | 7500 | 248,4 | 2300 | 111,5| 12000 8700 | 250,8 
1966 | 62,0} 180,0 647,6 | 6300 | 136,1 | 1500 | 64,1} 10.600 7500 | 138,0 
Ta6nuuna IILI.6 
KoOHCTPyKTHBHbie H BECOBbIe MaHHble HEKOTOPbIX NOBOPOTHONONACTHHIX TYpOHH 
OTCYCCTBECHHDIX 3aBOJOB 
co o a 5 o o S = ws = eS 
S62 108 z ag | ge | gs a | § : = 3 ¢ & 
E aa |B 2 ag 6% a, S Re o 2 of om 
a as |otne| > SO eg * 3 S o RES s oo 
m ond [ZR as E =e A = =] sd E oes a m 
x | SE |BeES| os efi} ge | $3 g | gf | gs | Faas Q5 
Cf | ms |foeal Oa | eal OZ | He Oo | on | om | ceee m2 
1933 | 11,0 2.51 40,5] 2300] 6,2] 360/ 52; 22; 06 | 3100 3,1 
1935| 17,5 | 11,0} 161,0] 3600 | 30,0] 6101] 6,5! 11,0} 1,6 | 4920 95 
19371 13,0 | 15,0] 330,0] 5000 | 70,0} 750117,5| 29,0 | 4,0 | 7 280 30,0 
1940/ 15,5 | 55,0] 1257,0| 9000 | 304,1 | 1250 | 44,2 | 67,0 | 20,0 | 13 000 92.0 
1951! 17,5 | 41,5} 634,5| 6600 | 152.6] 920/188! 41,9] 61 | 9660 97,2 
1953 | 12,2 | 59,0} 1002,8 | 9000 | 301,4| 1270 | 44,2| 67,0 | 19,5 | 13 000 83,8 
1954 | 26,0 | 90,0} 858,0{ 7200 | 248,1| 1230 | 48,9] 63,0 | 9,7 | 11 350 45,3 
1954; 19,0 | 108,5 | 1401,3 | 9300 | 426,5 | 1420 | 50,0] 80,0 | 18,0 | 14.000 83,8 
1958} 14,2 | 58,0! 463,8} 8000 | 150,0| 1100 | 43,5| 40,0 | 14,0 | 11 200* | 137,2* 
1959 | 42,5 | 36,0} 169,0] 3700 | 31,0) 650} 7, {|} 9.5 | 1,4 | 5200**|} 16,7 ** 
1960 | 25,75 | 41,7] 321,0| 5000 | 81,7! 900.|29,4! 29.9 | 3,2 | 7780 16,6 
1962} 9,85] 45,4} 930,0} 9300 | 184,0| 1320 | 34,0) 42,0 |23,5 | 13850 |. 95,9 
1963|55,0 | 58,7} 213,5} 4200} 44,0/ 800 | 13,5] 15.0 | 2.0 | 5600**| 24,3 ** 
1966} 9,7 | 59,3} 1190,8 |10300 | 256 2] 1300 | 50,2! 67,0 | 30,0 | 14 480* | 256,2 * 
* BepxuHee KOJIBHO BHITIOJIHCHO 3a2OMHO C BEPXHHM NOXHICOM CTaTOpa, YKa3saHW AHaMeTp H BCC 
cTaTopa. 
ee BepxHee KOJIbILO BEIMOJIHEHO 3A0JHO C KPbIDIKOH TYPOHHH, YKa3aHbI ANAaMeTP H BEC KPHILIKH 
Ty pOHHBI. | 
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rHApoTypOuHHbI, pabouve KOseca PpawHa/IbHO-OCeBbIX TyPOHH, JIOMaCcTH, Ha- 
MIpaBJAIOMHe JIOMAaTKH HW Ap. | 

Muorve feTaiv rHAporypOuH, OTMHBaeMbIe H3 CTaJIM, HMeIOT CJIOXKHYIO 
(popMy H OombmHe ra6apuTH, NOSTOMY OTHBKH HX NpeAcTaBAAOT SHAYTeIb- 
Hbie TEXHOJOrHyecKHe TPyAHOCTH. 

CnoxHaA KOHDHrypalHA AeTalen Mu Oo/buwIMe rabapuTHl HHOTa BbISbIBAIOT 
HeOOXOJMMOCTb TIPHMeHEHHA TOJICTHIX CTCHOK, OOeCHeCYMBAaIOINUX JOCTATOUHbIe 
NpHinycKW Ha OOpa6otky c YYeTOM BOSMOKHBIX HeopMalun JeTasen, a 3TO 
MO2XKeT BbI3BaTb NOABJICHHE JIMTEHHBIX AetpeKTOB Ha OOPaOaTbIBaeMbIX NOBepX- 
HOCTAX H B MeCTaX TlepexojOB. 

HostoMy WIA CTabHbIX OTJIMBOK THAPOTypOHH, NOMHMO NOKa3aTesel Me- 
X@HH¥eCKHX CBOHCTB, OOBIMHO OOASATEJIDHbIMH ABJIAIOTCA TpeOOBaHHA XOPOUINX 
JIMTEHHBIX Ka¥eCTB H CBAPHBAeMOCTH AVIA BOSMOKHOCTH HCIIpaBJeHHA DespeKTOB 
JIMTHIX KPYNHOTaO6apHWTHbIX CTAIbHbIX 3arOTOBOK. BOJIbUIMHCTBO CTAaJIbHbIXx 
OTJIMBOK B ruApotypOunax BbINOJHAIOT H3 yruiepogucTroh cranu 30J1. Coxep- 
*KeHHe yriepoja B HeH KONeONeTCA B Mpemeax 0,25—0,35%. Mexanunue- 
CKHe CBOHCTBA OTJIHBOK H3 3STOH CTaIH XapakTepH3yloTCcA Ce YyIOUlHMH 
3HaYeHHAMH: . 


BpemMeHHoe conpoTHBsieHne paspusy 3 B KI imme woe ee ee ee 45 
IIpegen texyyectu B KI/ mm Coe ee ee ee ee BE 
Yaiunenue npu 5-m oOpasue 8 % Do ee ee 16 
OrHocuTesbHoe cyxeHve B % ae 30 
YapHaa BA3KOcTb (10 Menaxe) B KI: ulow tee we ee we) 8,0 
TBepgoctb No Bpuyemio ....... ee ee eee eee ee. «128—180 


Kpymuble CTaibHble OTIHBKH OOA3aTebHO MOsBepraiorca TepMH4eCcKOH 
oOpa6oTke, KOHeYHOH OMepallveH KOTOPOH ABJIAeTCH OTIYCK ¢ M@QWIGHHEIM 
OXJlaxKJeHHeM B leu AIA CHATHA BHYTPeCHHHX HanpaxKeHHE. 

Jiaa oOecneveHvin Xopomlew cBapHBaemocTH jeTameH ruypory p6uH, H3ro- 
TOBJIACMBIX H3 STOH CTAaJIH, OOpaliaioT BHHMAaHHe Ha cOsepKaHnHve yrviepowa u 
O6bIUHO B TEXHHYCCKHX YCJIOBHAX Ha NOCTAaBKY OTJIMBOK OFOBOpHBaloT 3HadeHHe 
yrulepoya, OrpaHvuHBag ero BepxHee 3HaveHHe 0,35%. XopomiMMH KavecTBaMH 
B OTHOWICHHH CBapKH OOaaeT MaOYIlepOAHCTad CTalb MapKH 25JI. | 

Jia Hav6ouee OTBETCTBEHHBIX MOKOBOK BaJIOB rHApOTypOHH IIpHMeHAIOT 
CIMTKH cTamM 40, BhinsaBJIGHHOH B MapTeHOBCKOH Teun. CojlepokaHHe B Hei 
yrviepoya Koue6neTcaA B npenzenax 0,35—0,45. MexannyueckHe CBOHCTBa NO- 
KOBKH OObIUHO HMEIOT CJieyIOllHe 3HaveHHA: 


BpemenHoe conpotTuBsenne paspuiny B TMM Coe ee ee ee ee ee 48 
IIpenen texyyectu B KI /mm?, — . Coe ee ee ee ee ee ee ee 26 
YasMnenve Ha 5-m o6pasie B % rs Oo 
OrHocuTebHoe cyKeHHe B%  .. .. es |, 
Yapuasa BA3KOCTb (Mo Menaxe) B KPemicw? 2... ee 4 


JIHCTOBOH HW COPTOBOH MaTepHaJIbI WIA CBapHbIx KOHCTpyKUMH OObI4HO IpH- 
MeCHAIOTCH H3 YIVIepOAMCTOH CTaH, TOpAueKaTaHOH, B COOTBETCTBHH C jjaH- 
HbIMH TOCTa 380—60 (cramb yraepoguctad, OObIKHOBeHHadA KauecTBeHHaA) 
u TOCTa B1051—60 (ctanb KayecTBeHHasd, KOHCTPyKWHOHHAA). — 

JleTasiH MpoTouHOH wacTH TypOHH, ocoOeHHO pa6oune KONeCa paHaJIbHO- 
OCeBBIX TYPOHH H JONACTH NOBOPOTHOMOMACTHbIX TyPpOHH, padoraiorT B crelly- 
(pH4eCKHX YCNOBHAX JeHCTBHA KaBuTallHH. KaBuTallHoHHble yCAOBHA OObISHO 
He MOryT ObITb NOJHOCTbIO YHHYTORKEHbI BLIOOPOM COOTBETCTBYIOWNIMX Tlapa- 
MeTPOB M@alIMH HW Tpo*usupoBaHveM JIoMacTeH, NOITOMY Ppa3pPyIIHTeJIbHBIe 
NeHCTBHA KaBHTallHu HW THAPOTYPOUHOCTPOeHHA B 3HAYHTEABHOH Mepe JOKAaJIH- 
3yeTCA MpHMeHeHHemM Oovlee CTOHKHX AHTHK@BHTalWHOHHbIX MaTepHasioB. 

B 9TOM OTHOMeCHHH HavOonee xXapakTepHOH eTabiO ABJAeTCA JIOMACTb 
paodoyero Koeca MOBOPOTHOJONAacCTHOH TyPOHHBEL. 
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Jina sonacteHh KPyNHbIX rHApoTrypouH NPHMeHANaCh BbICOKOXPOMHCTaAd 
CTalb Mapki 25X14H-JI, uMetoutan culeqyIOulMH XHMHUeCKHH CocTaB: yrsepod 
0,18—0,25%, xpom 12, 5—14 0%, HHukKelb 0,5—0,8%, KpemnHni 0,4—0,7%, 
MapraHen 0,3—0,6%, cepa He 6onee 0,03% u dhochop He Gomee 0 03%. Mexa- 
HHYeCKHe CBOHCTBA STOH CTA XApaKTePH3YIOTCA CJIELYIOULMUMH NMOKasaTesAMH, 
OrOBapHBaeMbIMH B TEXHHYeECKHX YCMOBHAX Ha MOcTaBky somacTeH. 


Bpemenuoe conpoTuBienue pasppipy B KI Pa Coe ee ee eee) «BB 
TIpenen trexyyectu B KI/mm? Done ee ee ew ee ee) 8D 
Yaanuewue pu 5-M o6pasne B % Co ee ee 14 
OTHOCHTebHOe cyxKeHHe B % Loe ee ee ee 30 
Yyapuasa BaskocTb (mo MenaxKe) B KI: mlom? Lone ee en ke ee 30 
Tpepnoctb mo Bpunemio . we ee ee ee ee ee ew we ee 190-—235 


BbICOKOXPOMHCTad CTab OOaaeT 3HAYHTEJIDHO JyuWeH KaBHTallMOHHO 
CTOHKOCTbIO, 4EM yIvlepOsAMcTad, HM MMeeT XOPOMMe MexaHHyecKHe CBOHCTBA. 
[lostomy oHa HW Nowyuna WIMpoOKoe NpHMeHeHHe B rusApoTypOocTpoenun. 

OyHako 9Ta CTab HMeeT HeEMOCTAaTOK: OHa OO/alaeT NIOXHMH JHTeCHHbIMH 
CBOHCTBAMH, CKJIOHHAa K OOpa30BaHHI0 TPpelHH, MOMKET OTJHBATbCA TOJMbKO 
B aeKTpomeyax. TexHOJOrHA OTJIHBKH JlomacTeH M3 9TOH cTamu KpanHHe 
clomwKHa. KayecTBeHHad 3aBapka JlomacTeH H3 9TOH CTasIM MOMKET OCYIIECTB- 
JATbCA TOMbKO B MogsorpeToM JO Temnepatypbi 400—500° C cocrosHun, no- 
3TOMY PeEMOHT JOMacTeH Mocie KABHTALHOHHBIX Ppa3pyWIeHHH B yCJIOBHAX 9KC- 
nulyaTauHn Ha [OC satpy Hen. B CcBA3x C STHM MpOBOJMJINCb H3bICKaHHA HOBBIX 
6omee TEXHOJIOTHUHBIX CTaJeH. 

B WHMUMTManie [57] u na JIM3 npososznsauch uccnexqOBaHHA N10 MeTasy 
JWIA KpyNHbIxX JonmacTeH HW OblIO yCTaHOBJIeHO, UTO JOMAaCcTH KPyHBIX THTpo- 
TypOuH..(4HCTLIM Becom Jo 20 m), BHIMIaBIAeMbIX U3 HepKaBelolleH cTamH 
Mapki 25X14H-JI, TpyqHO NomyuHTb c HayexKallHMH MeXaHH4¥eCKHMH CBOH- 
CTBaMH NO NMOKa3saTeIAM MaCTHYHOCTH WH OCOOeCHHO yAapHOH BASKOCTH. OHH 
pa3JIMUHbI B TOHKUX HW TOJICTbIX CeEYeCHHAX JOMAaCcTH. OTMHBKH JoMacTeH O6s1a- 
aioT 3HaAvHTeJIbHOH XHMHYeECKOH HEOJHOPOAHOCTbIO B pa3JIM4HbIX CeUeCHHAX. 

Ilokasatem KavecTBa cTaqH ONpeseAloTCA, KaK 1paBHJO, MO OTHOCHTEJIbHO | 
TOHKHM IIpHJIMTbIM 1po6amM, He XapaKTepH3yIOUUM HCTHHHBIX CBOHCTB MeTaa 
CaMOH OTJHBKH. Bbvio yCTaHOBJIeHO, YTO JWIAn Hep KaBerouleH CTaIH MoNacTeH 
CAelyeT TIPHMeHATb Oolee ONTHMAJIbHbIM COCTaB CTaH COOTBETCTBYIOLNeH 
MapkKu 20X13H-JI, conepxamni yraepona 0,17—0,22%, xpoma 11,5—13,5%, 
HuKemA 0,6—1%, Kpemnua no 0,7%, Mapranua 0,3—0,6%, cep He Oomee 
0,03%, docdopa He Gonee 0,03% u THTaHa Jo 0,15%. HacbimeHHe THTaHOM 
NOBbIMaeT YLAPHY!IO BA3SKOCTh, yyullaeT CTpyKTypy cTanuv. OTroT cocTaB cno- 
coOCTByeT NOJYYeHHIO Goee OJHOPOMHOH CTPYKTYPbI HU XOPOIWHX NoKasaTenen 
MIPOUHOCTHHIX HW WwacTHYecKHX CBOHCTB. OWHAaKO H 9TA CTAJIb BCE Ke ABMACTCH © 
CJIOMRHOH WH TpyOeMKOH B TexHOwOrMyeckOM OTHOWeHHH. TlostToMy nmposoyH- 
JHCb JlaJibHenmmMe HMCCeCROBaHHA HW H3bICKaHHA Hep KaBeromlen cTamu, Sosee 
TEXHOJIOrH4HOK Npu TepMooOpaborke u cBapKe. B pesyaptate PHU MTMauiem 
Obila Noy yeHa MaOyraepoOwucTad CTAaJIb OX12HJVJI c xumuyeckuM cocTaBom: 
yrnepoya 70 0,1%, xpoma 12,0—13,5%, HuKena 1,0—1,5%, KpemHuaA JO 
0,4%, maprania 0,3—0,6%, cepbl He Gonee 0, 025%, octhopa He Gosree 0,025 % 
Me] 1 —1,3%. Mexanuueckne CBOHCTBA STOH CTaIH XapaKTepH3yIoTCcA ce- 
JYIOULMMH JaHHbIMH: , 


Bpemenhoe compoTuBsienve pasphiBpy B. KI/mm* . .... 1... ee TT - 
Ipenen texysectu B xian 6 6 ee es OS | 
YauHHeHHe B% Ce ee ee ee ee ee ee ee 1 
Tonepeunoe cyxenue B% ke ee ee ee ee ee we 88 
Yuapnaa pasKocts B KI -m/cm? a 


B nocaeqHve TOosbl cCTaiH NPHMeHATH OuMeTasIIMUeCKHe MOMACTH, OTAMTHIC 
H3 yrviepOAMCTOH WJIM MAJIOJeCrHpOBaHHON CTaH C MOcMeLyIOuUleH OOMHILOBKOK 
HX JIMCTaMH HepxKaBeIoOlleH CTanH MyTemM NpHBapKH. B TakoH KOHCTPyKLHH 
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JIONACTH JOJKHbI OOCCNeUHBaTh COUeTAHHA BbICOKHX MPOTHBOKAaBUTALLMOHHbIX 
CBOHCTB Hep2Kabelolleh CTaiH Ha MOBeEPXHOCTH JOMACTH C TEXHOJIOTHYeCKHMH 
IIPCHMYWICCTBaMH WH MaJIOH CTOMMOCTbIO yraieponucTon cTanmH. Jian Takux KOH- 
cTpykuHh HUM TMatiem Opina paspa6otaHa cTantb 20TCJI cmeayiomero xu- 
mMHueckoro cocTaBa: yruepon 0,16—0,22%, mapranen 1,0—1,3%, KpemHuit 
0,6-—0,8%, cepa u dbochop Kamp He Gomee 0,03%. 

Ilo TexHHueCKHM YCJIOBHAM MeXaHHUecKHe CBOHCTBa STOH CTaMH o6ecne- 
YHBAIOT cueLyioulve NOKasaTesu: : 


Bpemenuoe compoTupsenue paspuiBy BK Pima re 
Tilpemen TexyuectH B KI/mm? . 2 1. 1 1 1 we ee ee ee 30 
OtTHocnTeyibHoe yaIMHeHHe B% 8 . ... 2... ee eee ee 14 
OrnocuTesbHoe cyweHHwe B% .. 2... 2.2... ee ee eee 30 
YaapHaa Baskocth B KI-m/cm® 2... ww ee ee ee ee ee 
TBepgoctb No Bpuwemo ... . . 2. eee ee eee eee . «156—197 


Sra cTatb oOGslaqaeT IpH NpocToH TepMooOpaboTKe My4WIWMH MexaHH4e- 
CKHMH CBOHCTBaMH, YeM OOLIWHAA yrviepOMHCTad cTalb. SaBapKa JIMTeCHHBIX 
eeKTOB STOH CTAJIM MOXKET NPOH3BOAHTbCA OOBIMHBIMH 3/CKTpOMaMH, O6e3 
NOAOTpeBa OTJIMBKH. B cBapHOM COeJHHEHHH OTCYTCTBYeT CTpykTypa 3akakH 
HM TpellMH, MOSTOMy TMocae CBapKH He Tpe6yeTca TePMHHECKOH oOpaoorKu. 
BrICOKH JIMTeHHbIe CBOMCTBAa STOH CTAaJIH. 

KpeMHHcToMapraniosuctad cTaib 200CJI no cBOHM MexXaHH¥eCKHM CBOH- 
CTBaM IIpeBOCXOJHT pacnpocTpaHeHHble B THApOTypG6ocTpoenun Mavwoyrsepo- 
yuctne cTamu 30/1 u 25/1, uw B TO we BPeMA 9TA CTANb XOPOLMIO CBapHBaeTcA 
B XOJIOMHOM COCTOAHHH, MOSTOMY OHA Halla IIPHMeHeHHe HE TOJIbKO IPH H3- 
rOTOBJICHHH JlolacTeH paOounx KOeC NOBOPOTHOJONACTHBIX, HO NpHMeHAeTCA 
IIpH OTJIMBKe KOJI€C PpaqHaIbHO-OCeBbIX THAPOTYpOHH HW APyrHxX KPYNUHHIX OT- 
JMBOK, K KOTOPBIM HapsLy C NOBbIMIEHHEIMH MCX aHWUeCKMMH CBOHCTBAaMH Tipeb- 
ABJAIOTCA TpeOOBaHHA XOpouleH CBapHBaeMOCTH. Ota CTaIb HE ABJIAeCTCA Ka- 
BHTalMOHHOCTOHKOH HU MOSTOMY B Culy4ae NPHMeHeHHA ee WIA JOTIacTeH OHH 
B 30HE KaBHTAallHH JOJKHbI ObITh 3aULHIeCHbl HaNaBKOH H3 cranu I XI8SHYT. 
Iipeyen yctanoctu cranH—20 [C/I B Boye 3HauUNTeEABHO HHKeE, 4eM y Hep xKaBeio- 
meh cramm (12 Kl’/mm? smecto 19 kI’/mm?), 4TO HEOGXOAHMO YUHTHIBAaTb TIPU 
BbIOOpe ITOH CTAIH JIA MOMacTeH HW Apyrux AeTamen, paOoraromlux B YCIOBHAX 
BHOpauwHOHHbIX Harpy30ok. 

Jia OOJHIOBKH JONaCTH NPHMeHAeTCA CeMyIOuluH XHMHYeCKHH COCTAaB 
ayCTCHHTHOH HepxaBerouleh cranmu (1X18H9T): yraeponx 0,12%, xpom 17— 
20%, HHKeIb 8—11%, kpemHnit 0,8%, MapraHen 2,0%, THTaH fo 0,8%. Sra 
CTaJIb HM€CT BbICOKHE I1acTH4ecKHe CBOHCTBA, OOJaaeT BLICOKOHM XHMHYeECKON 
CTOHKOCTbIO H XOPOIeH CBapHBaeMOCTHIO. 

AnanorHuHad KpeMHHCTOMapraHuoBuctan cTalb 20[C HaxogHT npHMeHe- 
HHe H WIA KPyNHbIX NOKOBOK, HallpHMep VIA KOBAaHBIX TpyO6 CBapHbIX BaJIOB 
rHpoTypOuH MW Apyrux MeTanen. CnenyeT, OMHAaKO, HMEeTb B BHAY, 4TO B paze 
ciydaeB 3allluTa JeTaleH THAPOTYpOu“H OGJIMILOBKOM OKasamacb He ape KTHB- 
HOH H3-3a OTPHIBa NOMOCOK OGHWOBKH. Ilpu skcnayaTanHu Oomee sppekTHB- 
HBIMH OKa3aHCb HallaBKH. | 

TlocieqHee BpeMA HAXOAAT NPHMeHEHHe B rHApOTyp6ocTpoeHHN ayCTeHHTHO- 
(eppuHtHaa ctanmb IOXI8H3I32-JI ana neraneni, pa6oraioujux B moToKe 
BOJIbI, HECYILeM OOAbINOe KOJIHYECTBO B3BEMICHHBIX YacTHIL MecKa (B yYCJIOBHAX 
necuaHonw 3po3Hv). XWMHUeCKHH COCTaB STOH CTaIH cueNyIOulMH: yslepor 
no 0,1%, KpemHuit 0,3—0,5%, MapraHen 2,5—3,0%, xpom 17,5—19, 5%, 
HHUKeJIb 3, O—3,50, Memb | 8 —2 2%, cepa u doctbop Kaxypiit 10 0,03%. Ma- 
TepHasl OTMHBKH H3 STOH CTaIH MMeeT CJIeEyIolNlwe MeXaHH4yecKHe CBOMCTBA: 


IIpemen mpounoctu B KI /mm? 2... ww we ee ee 55 

»  TeKyyecTH » ~~ » Se ee ke ee 30 
Yaphash BASKOCTh » KI - mcm? oo ee ee ee 2,0 
TBepgoctb mo Bpunemio . www ee ee ee ee ee 250-320 
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Ipo3svoHHan CTOHKOCTb 3TOH CTaIH mpuMepHo B 1,5—2 pasa Buble, 4eM 
y OOBI4HOH yruepozucToH cTamH (10 ZanHbim WHMMTmMama). Ho 91a cranp 
HMeeT CYLIECTBCHHbIM HeOcTaTOK/— BbICOKYIO CTOHMOCTb H CJIOKHYIO TEXHO- 
JIOTHIO MIPOH3BOJCTBa, OCOOeHHO JIA OTJIMBOK G6O/IbUIHX MePeMeHHBbIX TOVILUMH. 
B OTJIMBKaX H3 STOW CTaH HMeIOT Me€CTO HepaBHOMepHHle MacTHy4ecKHe CBOH- 
CTBa HW TBEPJOCTh B pa3sIMYHbIX MeCTAX OTJIHBKH, OCOOeCHHO IPH NOBBILIeCHHOM 
COMep2%KaHHH yruepowa B cTaIH. Crab OO6HaqaeT CpaBHHTebHO Xopormer 
CBapHBaeMOCTbIO B XOJIOQHOM COCTOAHHH TOJbKO Nocie ayCTeHHTH3alHH (HOp- 
MajiM3allHH). [lostomy JA CBapHbIX KOHCTPyKILMH HeEOOXOAMMO JO CBapkH IIpo- 
H3BOJHTb TepMOOOpaboTKy CBapHBIX KOHcTpykuHH. Tlocne cBapku jOmKeH 
IIPOH3BOAMTLCA OTITYCK, B Mpomecce KOTOPOrO eTab MpHoOperaeT BBICOKYIO 
TBepocTh (HB 260—32) 4 TombKO Tlocse STOTO NPOH3BOAHTCA OKOHUAaTeJIbHaA 
MexaHHueckan O6paboTKa. Ecsiu SJIeMeHTbI KOHCTPyKUHH AOJKHbI NOBep- 
raTpca pyOKe (HampuMep, paoounx Koulec), TO TAKOBaA TakxKe NOKHA NpoH3- 
BOAMTbCA JO OTMYCKa, © 

_ Bompuioe cofepxaHve xpoMa HW HUKeA oGecneuupaer CTOHKOCTb B KaBH- 
TAUHOHHOM OTHOHIeHHH cTamH 1OX18H3P3)12-JI 

Jia WeTageH CpaBHHTeJIbHO HeGOOVIbIIHX pasmepor (1ONAaTKH HallpaBJiAlo- 
wero alinapata HeOObWHX TYPOHH, 3allHTHbIe OOJIHWOBKH, JaOHPHHTHEIe 
KOJIbHa HT. Il.) H3 yrepOMCTOH cTaH BOSMOMHA 3allHTa NOBepxXHocTeH je- 
TaneH OT 3PO3HOHHOTO paspylIeHHA MyTeM XHMHKO-TepMHyeCKOH OOpaboTKu 
(IKEMeHTALHA Cc 3akamKoH). Llemecoo6pa3Ho NpHMeHeHHe OHMEeTAaJJIM4eCKHX 
MaTepHajoB (Cr. 3 + IXI8H9T u Cr. 3 + 9H496) BBHze AByxcnOohHOrO 
mpokara id CBAPHBIX KaMep pa6ounx Kowec H Apyrux qetanek C Il@J1bIO MOBBI- 
, K@BHTAILHOHHOH CTOHMKOCTH. 
ina CHHPaJIbHbIX KaMep MOLLHbIX rupory pOuH NpHMeHAeTCA CTaIb JIH- 
cropan CXJI-4 (LOXCH I) co CA@RYIOUMM XHMHYCCKHM COCTABOM: yrvepon 
0, 12%, mapraner 0,5—0,8%, Kpemuuft 0,8—1,1%, xpom 0,6—0,9%, HuKedb 

0.8%, Merb 0 4—0, 65%, cepa H doctbop KaxkKJbii He Gonee 0 04%, 
Mex aHM4eckHe CBOHCTBA STOW CTaH cCJlenyloulHe: mpeyzesl mpouHocTH 
54 xI/mm?, yuuBenne mpu 5-m o6pasue 18%. Crab xopomo cBapHBaeTca 
B XOJOHOM COCTOSHHH. IIpuMeHseTca OHA VIA AMCTOB TOJIMMHHOH 20 32 mm. 









8. BhIBOP BEJIMUHHbI PA3SFOHHbIX OBOPOTOB | 


HlenTpo6exHbie CHJIbI Bpalljaioliuxca uacTen raapoarperara NOACUMTEI- 
BaloTcn 0 dopmyue 


C=mro, (111.33) 


rye m — Macca Bpalijawuleroca Tea; 
r— paauyc WenTpa TAxKeCcTH; 
@ — YIrulOBan CKOPOCTD. ) 

Pa3roHHble OGOPOTE! NOBOPOTHOMONACTHEIX TpyOUH MO OTHOLIeHHIO K HOp- 
MaJIbHbIM MOTYT YBeJINUHBAaTbCA B 2—2,6 pasa, cJIeMOBaTebHO, WeEHTpobexHAaA 
cua BOSpacTaeT NouTH B 8 pas. 

B potope reHepaTopa ero Macca B OCHOBHOM cocpeyoToueHa B OOoOje, HMEI0- 
em 60J1blWIoH THameTp. IlosTOMy BeHYHHA WeHTPOOeKHbIX CHI, BO3HHKAal0- 
WX B HEM IPH pa3roHHbIxX OOOpoTax, AOCTHraeT OCOOCHHO OOVIbIIOH BewH- 
uHHBI. B komece TypOHHbI OCHOBHaA Macca CocpeyOTO"eHa BOJIH3H OCH Bpaille- 
HHA. STO BHAHO M3 CXeMbl rHApoarperata Ha puc. III.15. Tlostomy Bxi6op 
pacueTHOH BeJIHUMHbI Pa3rOHHbIX 4HCe OGCPOTOB Mp paOoTe TOMbKO NO KOM- 
6HHATOPHOH 3aBHCHMOCTH HJIH C YYeTOM paCCOrmacoBaHHA ee, WIM C yYeTOM 
IIPOTHBOPa3TOHHBIX YCTPOMCTB (Ha Golee HH3KHE Pa3rOHHbie OOOPOTH!) HMeeT 
OCcO6eHHO OO/IbIIOe SKOHOMHYeCKOe 3Ha¥eHHe JIA TeHepaTopa, Tak Kak Ip 
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NOHHKCHHBIX Pa3rOHHbIX OOOPOTax ero poTOp NomwyuaeTCA MeHbiwero pasmMepa, 
Beca, 6omee JeWICBbIM. 

Ha puc. I11.16 npuBegena 3aBucuMocTb yAebHOrO Beca rusporeHepaTopa 
(10 JaHHbIM HHCTHTyTa [uApoMpoekt) of Koadibunuenta pasrona. | 

Ec Kos®HUMeHT pasroHa cHHM3HTCH c kp = 2,0 no ky = 1,5, TO Bec 
ruyporehepatopa MOxXeT CHH3HTBCH nouTH Ha. 30%. 

B nepBoM u3,aHvH MOHOTpaduu 
«THApotypOHHbI MOApoOHO paccmorT- 
PpeHbI MpHMeHABIWHeCA YyCTPOHCTBAa 
rHpotypOuH, mpezoxpanalioumwe Hx 
OT MaKCHM@JIbHbIX BeJIHYHH pa3roH- 
HbBIX OOOPOTOB, NMO3STOMY MBI JIHUb 
KpaTKO nepeuHcHM HX. Kak cpel- 
CTBO 3allkHTbI OT 4pe3MepHOrO yBe- 
JIMYCHHA HCA pasTOHHbIX OGOPOTOB 
THApoarperata MOKeT ObITb HCIOJIb- 
30BaHO CBOHCTBO NOBOpPOTHOVIONACcT- 
HbIX TyPpOHH — HMeTb Pa3Hble 3Haye- 


Pomop zexepamopa 






HUA pa3roHHbIX OOOpOTOB (MmpH aH- pe 

HOM OTKDBITHH HallpaBisromlero Cf | 
almapaTa) MyTeM 3aKpbITHA JoMa- | 

cTeH HH OTKpbITHA UX Ha 6ObUIMH J~ Pabovee xoneco 
yrom [61]. Ognako u3mMeHenue yruia pO 
YCTaHOBKH JIoMacTeH, CHH2Kaw BeJIN- | 

UHHY pa3lOHHbIX OGOpOTOB BCVIeL- Puc. II].15. Cxema poropa rugpoarperata 


CTBHe OTKJIOHCHHA yruia OOTeKaHHA . | at 
OT ONTHMAIBHOTO, BbISbIBAeT YBesIHYeHHe NOTepb H NOABIeEHHe BHOpauHn 
rH{poarperaTa, MpH 9TOM OHH BOSPaCcTaIOT C YBeJIMYeHHeM WHaMeTpa KOVIeca. 
Bo3MOxKHO CHHXKCHHE BEJIMYHHbI Pa3srOHHbIX OOOPOTOB C MOMOLLbIO TOPMO3- 
HbIX JOMaTOK, YyCTaHaBJIMBaeMbIX BO BTYyJIKe padouero Koueca (Haq JOMa- 
| CTAMH WAH MO HuMH). IIpu Hop- 


42 M@JIbHLIX OOOPOTAaX JIOMAaTKH 3aKpbi- 
14 ThI, IPH YBeAHYeHHH OOOPOTOB OHH 
& BLINBHTaioTcaA B MOTOK H~ CO3aloT 
= TOPMO3HOH MOMeHT, CHW2KalOIHH Be- 
= a9 NW4HHY Pa3sTOHHbIX OOOPOTOB; KOH- 
& CTPYKUMH TaKHX YCTPOHCTB MaJIO 


™~ 


DS  & 


' Hayl@KHbI HW OHH TOKE MOFyT BbI3bI- 
BaTb BHOpalnu arperata. 
{5 17 19 At kp UYacTo IIpHMeHHAIOTCA Kak cpel- 
CTBO 3alLHTbI MPOTHB pa3rOHHBIX 060- 
Puc. II1.16. OrnocutenbHoe cHwxKeHHe Beca PpOTOB MOCKHe IWHTbI, yCTaHaBJIH- 
reHepaTopa IIpPH YMeHbINeHHH KosdpHlheuta | 
pasrona | BaeMble B CellMaNbHble Nasbl Neper 
CNHpaIbHOH KaMepOH Cc YCTPOHCT- 
BaMH Jia ObICTporo HX OycKaHHA. BeweycTBue OO/IbINHX Pa3MePOB CIMpaJb- 
HbIX KAaMep LMT NOWyUaIOTCA OTHOCHTeJIbHO jOporumMH. Bosee elleBbiIMu 
ABJIAIOTCA MJIOCKHE ILHTbI, YCTaHaBJIHBaeMble B OTCACHIBaIOWleH TpyOe, HO HX 
HeOcTaTOK B TOM, 4TO HalpaBJAIOUlHH almapaT WH KOsIeCO He H30MHPYyIOTCA 
OT BOMbI HM OCTaloTCH MO Halopom. : : 
IIpuMenennue B KavecTBe NPOTHBOPa3rOHHHIX YCTPOHCTB CNeWHaIbHbIX OOTE- 
Ka€MBIX NOBOPOTHHIX JIOMAaTOK, YCTAHaBJIMBaeMbIX MexKAyY peOpaMu cTaTopa u 
HalpaBJIAIOULHM alllapaTOM, BbI3bIBaeT CYILeCTBeEHHOe yBeIH¥YeHHe radapHToB 
TYPOUHBI H, CeOBATeJIbHO, €€ CTOHMOCTH. ¥CTAHOBKa HHAMBU Jy aJIbHbIX CEPBO- 
MOTOPOB Ha HallpaBJAIOULUX WOMAaTKax THAPOTYpOuH B KavecTBe MpOTHBOpPAs- 
rOHHBIX YCTPOHCTB OKa3aslaCb HellemecooOpa3sHonw. = = = 
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OnpiT SKCIIyaTauMH OTeCYCCTBCHHBIX FHAPOSIEKTPOCTaHUHH NOKa3piBaer, 
uTO pa3srOH THApoarperata OblBaeT OYeHb PeAKO. : 

Ha OCHOBaHHH aHasIW3a CTaATHCTHYeCKHX JaHHbIX, MpoH3sBeyzenHoro [uyApo- 
[IIPOCKTOM, YCTAHOBJI€Ha BEPOATHOCTh paoorbl arperaTa B yTOHHHIX pexHMax — 
ommn cayyah B 24 roya. AnanusupoBamucb Janupie no 450 arperatam, a cra- 
THCTHKa B3ATa 3a O eT. | | 

Ha epponelickuX TH AposeKTpHuecKHX YycCTaHOBKax cay4aH Nonayanna 
B Pa3rOHHble peXHMbI Obl 3aPHKCHPOBaHbI OYEHb PeKO HW MpeHMYLLECTBEHHO 
B llepHO MyCKO-HalaqOuHbIxX paOOoT B CBA3H C 3aeJaHHeM 3OJIOTHHKOB, 3a 
uckmo“eHHeM cTaHWHH AGoctbopceH (PHHIAHAHA), HAKA@KHX NOBpexkeHuit He 
OTMevanoch, a TYPOHWHbI ObWIH OCTAHOBJICHbI HallpaBAIOWHM allmapartom. 

H3 amepHkaHCKOl NpakTHKH H3BeCTHO HECKOJIbKO Ciy¥aeB pasroHa, Mpu- 
yeM HaGJIOIaINCb 3HaUHTebHbIC PaspyMieHHA, OJHAKO NOApOOHOcTH aBapnit 
HeH3BeCTHBI. | SO | | 

KpuTuueckHlt aHasv3 CyILeCTBYIOWIMX MPOTHBOpPa3rOHHbIxX CpeACTB, HMelD- 
IWUXCA LaHHbIX MO 3acpHKCHPOBaHHbIM C/lydaAM paOorbl. arperaToB B pa3sroHHOM 
P@XKUME, a TAKME.aHaNHs CaMOro Mpowecca pasrova HW JaHHble, yCTaHOBJIeHHBIe 
Cel a/IbHHIMH HCceqOBaHHAMM Ha MOJeAAX MW eHcTByIoWHX TIC, npuBosAT 
K CJI@LYIOULMM BbIBO,aM. oo 

|. Bee 6e3 HCKIOUeCHHA CYUIECTBYIONIMe CpeACTBa 3al[HTbI OT pa3roua Ha- 
UHHAIOT JI@HCTBOBaATb CO 3HA@YHTeCJIbHbIM ONO3TaHveoM. 

2. Tionapasatomlee 6OJIbUIHHCTBO BCeX CJlyuaeB pa3TOHHOFO COCTOAHHA ObLIO 
gapHKCHpOBaHO IIpH HCipaBHOM HallpaBJAiolleM annmapatTe. Sana3qpiBanue 
IIPHBOJUT K TOMY,-YTO POTOP K MOMeHTY Hauasia JeHCTBHA 3alHTbl WpakTH4eckH 
OcTHraet:-CKOpPOCTH B Jyumem cayuae 1,6—1,7 or HOopMadbHOrO 3HaueHHaA. 
TlneekHe IJHTbI ONycKaloTCA JIHUIb TOra, KOra pOTOp HaOupaeT NONHYy!0 pas- 
FOHHY!0 CKOPOCTB. | | 

Bropot BbIBO]- aeT OCHOBaHHe NONaraTb, YTO ROCTATOUHO SceKTHBHBIM 
HM HaJe@KHbIM CPpeACTBOM NPOTHBOPAaSIOHHON 3allHTbl OyeT caM HanpaBsAlo- 
WH annapat Typ6uHbt. [1px STOM BOSMOMKHHI PasIHYHble NOCTAHOBKH BOMpoca. 

|. Cuntas, 4Yro pasroH BepOaATeH, MO2KHO OCHAallaTb HalpaBAIOWlM al- 
‘WapaT COOTBETCTBYIONIUMH JONOMHUTCIbHEIMH-SaiHHTHBIMH HpHeneecobAeHHAMH, 
€ pOTOp IpOeKTHPOBAaTb-c yYeTOM GesaBapHHHOCTH pu pasrouke. B atom c1yyae 
HEOOXONHMO CO3HATEJIbBHO HATH Ha HEKOTOPOe YCIOXHEHHE KOHCTPYKUHH H Ha 
JONOMHHTCIbHBIM pacxOA MaTepHasOB HW CpejCTB. 

2. Hao6opoT, cuHTaA pa3roH MA@JIOBEPOATHBIM, MOMKHO He JelaTb AOMONI- 
HHTCIbHOH 3alHTbl, YCOKHAIOUeH MaUIHHbI, H OfpaHHYHTbCA HOPMAJIbHON 
CHCTeMOM PeryIHPOBaHHA C pe3epBHEIM HCTOUHHKOM aBeHuA. PoTrop mpoek- 
THpyeTCH Ha YMeHbUIeHHOe pasroHHOe 4HcIO O6opoTosB. Bo3moxHad aBapua 
OT pasroHa GyeT CUUTATbCA CYYAHHOCTHIO, a YOBITKH — OTHOCHTbCH Ha OKy- 
MaeMOCTbh JPyrHxX arperarTos. 

-Bropaa nocraHoBkKa Bonpoca OesyCAOBHO aeT 3HAYHTebHbIM IKOHOMH4E- 
CKHH adpeKT, TaK KaK Ha OCHOBaHHH JaHHbIX O BEPOATHOCTH aBapHi OT pa3- 
roHa HW aHasH3a (aKTOB MOKHO YTBeEPKAaTb, YO CTOHMOCTb BOCCTAHOBJICHHA 
arperata Nocjie BO3MOMHOU ABAaPpHH HAHOCHT HHYTOKHIN yulepO NO CpaBHeHHIO 
C (baKkTH¥eCKHM BHIHTpbIWeM B MaTepHalax HW CpeCTBax 3a C4eT ynpa3qHeHHA 
TAXKEJIOBECHBIX JOPOFOCTOAIHX YCTPOHCTB. 

-Konuuectpennan oleHKa CYMMapHoro acpibeKTa MOXKET OBITb CleaHa JIHILb 
NYT€M KOHKPeTHbIX PaCUeTOB B KaKJOM OTICJIbHOM CJ1y4ae. 

YunTbIBad BbILMeH30%KeHHOR, MOKHO PCKOMEHOBATH AVIA KPYMHbIX Ty POHH 
NOBOPpOTHOMONAacTHOrO Tua Cc AHaMeTpOM paGouero Koeca 6—10 m opraHuso- 
BaTb NpOTHBOpa3roHHY!O 3allHTy Ha HOPMA@JIbHOM HallpaBJIAIolleM alinapare, 
NOJOKUB B OCHOBY HamH4He aBapHHHOH MaCAAHOHM SOJIOTHHKOBOH yCTaHOBKH 
H OCyIIeECTBAeHHe AaBapHHHOrO HMMyJIbCa HEMe/VICHHO Nocwe CHATHA Harpy3KH 
HW OTCYTCTBHA JBHXKCHHA HalpaBssiomero annapata Ha-3aKkppiTve. Ilpu stom 
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ruypoarperaT culexyeT MPOeCKTHPOBaTb C yYeTOM KPaTKOBpeMeHHOH paoornl 
B Ppe@?2KHMe NOBHIMIEHHHIX OOOPOTOB HW JOJIKHHI ObITh IPeAyCMOTPeHb! WaHOpHl, 
onycKalollveca B TEKYULYIO BOY, a TaK2xKe MpHCNOCOGJeCHHA VIA. 3aMeHbI cpe3- 
HbIX MaJIblleB (HJIM Pa3PbIBHBIX OONTOB) Ha XOZY TYPOHHHI. 

Jia MOBOPOTHONONACTHBIX TyPOHH C WHamMeTpom pa6ouero kKoeca 3—5 m 
IIpeCTaBJIAe€TCA BO3MOXKHBIM B KaveCTBe NPOTHBOPAa3rOHHOTO cpescTBa KpoMe 
3OJIOTHHKAa aBapHHHOrO 3aKPLITHA NPHMeHHTb MOBOPOT pabouHXx JonactTen. 

B wesaxX MaKCHMaJIbHOrO COKpalleHHA CTOHMOCTH arperaTOB, OWeHHB 3KO- 
HOMHYeCKYIO OGOCHOBAHHOCTh TeEXHHYeCKOFO PHCcKa, B pAe CyUaeB MOKHO 
yYCTaHOBHTb BO3MOKHOCTb MOMHOTO OTKA3A OT MpOTHBOPa3STOHHbIX CpejyCTB. 
Ilpu 9Tom cjleqyeT BOSMOXKHbIe aBapHu OT pasroHa OWeCHHBAaTb KaK HenmpeBu- 
J@HHbIM HeCUaCTHBIH cyuah HM yObITKH OTHOCHTb H@ OKyIIaeMOCTb Apyrux 
arperaTos. — oo a oe 

PacueTHoe MaAKCHMAaJIbHOe YHCIO OOOPOTOB Wemecoo6pa3HO NpHHHMATh JIA 
palHasIbHO-OCeBHIX TYPOHH paBHbiM 1,65 OT HOMHHAJIbHOYLO, a JIA NOBOPOTHO- 
JOMACTHBIX, IpH YCJIOBHH COXpaHeHHA KOMOWHATOPHOH CBA3H, paBHBIM 1,75 
OT HOMHHAJIbHOrO C OOAZATEJIBHOH. HPOBeEPKOH Me€XaHH4eCKOH MpPOUHOCTH arpe- 
rata (B mpefenax JOMyCTHMbIX eopMallHh) Ha MoTHOe yrOHHOe HCV 
OOOPOTOB. | 


10* 


Tuaspa IV 


MPOEKTHPOBAHHE TPOTOYUHOH UYACTH 








1. KOHCTPYKUHH CHHPAJIBHBIX TYPBHHHbIX KAMEP 


TloxBoy, BOAbI K peaKTHBHbIM TyPOHHaM OCYyMIeCTB.IAeTCA Yepes TYPOHHHbIC 
KaMepbl, POpMa H KOHCTPyYKUHA KOTOPHIX BECbMa pa3sHOOopa3sHE!. BceTpeuaroTca 
OTKPbITbIC, KOMYXOBbIe H CNHPabHbIe (GeTOHHbIe, MeTaimH4eCKHe MH CMeLIaH- 
HbIe) KaMepbt. BeiG6op KOHCTpyKUHH TYPOHHHOH KaMepbl 3aBHCHT OT pa3mMepoB 


TYpOHHbI H Hanopa BODHI. 


Ha puc. IV.] noKka3aHbl O6acTH NPHMeHeHHA TYPOHHHBIX KamMep pa3nnu- 


HbIX THIOB B S3aBHCHMOCTH OT MOITHOCTH TY pOHHBI 











N,x8m 
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4 rt TT oY |.hUTLT TUG hh CU 
10000 Oe tH} 
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soo tL LIL TA tT ivi | td le 
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“t| TiTATT TT Tt Tt OY 
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ro Att tat tT te tt 
100 TTT iT Erp Pe tt 
60 mm ty tT | te Tt 
30 TITTLE TA EET TT 





34% 68 





Hn 
1% 26 405070100 150 300400 


Puc. IV.1. O6nacTH OpHmMeHeHHA pa3JIH4HbIX THNOB 


CMHPaJIbHbIX KaMep: 


/ — CHHpasbuble GeTOHHBIe KaMepbi; J] — cnupaubHble Me- 
TanmuHdeckHe KaMepb! C ¥YaCTHYHOA NepeyayeHh Harpy3kKH Ha 
6eton; Ji] — OTKphITbiIe KaMephHI; {JV — KOwKYXOBbIe, CHH- 
paJIbHbie KaMepbI; V — cnupaJbHble MeTasHYeCKHe KaMepbi 


H Hanopa. 

OTKDpbBITBIe TyYpOHHHbIe Ka- 
Mepbl NPHMeHAIOTCA JIHWb WIA 
Hanopos 0 5—6 m AA Typ- 
OHH C jJMaMeTpoM pa6ouero 
Kosleca 0 1,2 om. 

Aaa nNOty4eHHA XopommMx 
rH paBsMuecKHXx KayecTB HeO6- 
XOJJHMO MMCTb OTHOCHTEJIbHbIe 
OO/JIbLIHe pa3Mepbl KaMepHI, 
YTOObBI CKOPOCTb BOLI B Hel 
He mpeBbiwaia v = 1 m/cex. 
IWupuna kamepni B (B m0cKo- 
CTH, NeplmeHTHKyYAAPHOH ocH 
TYPOHHbI) BOMKHA ObITh He 
MeHee 3D,. [Ipu 6obuIMx Ha- 
mopax CTPOUTeJIbHbIe KOHCTpy- 
KUHH OTKPBITBIX KaMep BbIpa- 
CTaIOT HaCTOJIbKO, UTO Oowee 


emecoo6pa3Ho MpHMeHeHHe 
3AKPBITbIX KOKYXOBbLIX (KO- 
TCJIbHBIX) HH CNHpaJIbHBIXx 
KaMep. 

KoxyXopple  (KOTe.IbHbIe) 


MeTaJIJIH4eCKHe KaMepbl Cc PPOH- 


TaIbHbIM MOABOOM BOJbI IPHMeCHAIOTCA JIA HalopoB 5,0—25 m B TypO6nHax 
Cc JHaMeTpOM paOouero Koseca 0,50—1,0 m™ np ropH30HTabHOM pacioloxe- 


HHH OCeH. 


Han6oee pacnpocTpaHeHHoH MopMonH nosBO_AWeH TYPOMHHOH KaMepbl 
ABIACTCA CHMpPasibHan KamMepa (puc. IV.2). | 
CnupatbHaat KaMepa HMeeT PayHabHoe ceveHHe, MOcTeMeHHC YMeHbILUAal0- 
ieecH OT BXOMHOrO ceYeHHA JO KOHIWa KaMepbl, JO Tak Ha3bIBaeMOroO 3y6a 


cnupan. 


BHyTpH ciupaiH B NOTOKe paclouomKeH CTaTOP, ABJIAIONNMMCA HecyuleH 
KOHCTpyKiveH TypOHHbI. CraTop OXBaTbIBaeT HallpaBJAIOWHA alimapatT. Cra- 
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TOP BbINOJHAeTCH HOO B BHAe OTACIbHbIX XOPOUIO OOTeEKAeMBIX KOJIOHH, H6O 
B BHJ€ KOJIbILeBOH JeTaJIH, COCTOAMeH H3 BepXHero H HHKHELO OGOAbeB UH pebep 
cTaTopa. CraTop B OeTOHHOH cCiMpaJIbHOH KaMepe CJlyKHT AIA Tepeqaau Ha- 
rpy3KH OT NOTOMKa CNHpasH K ee OCHOBaHHIO MH BOCIIPHHHMaeT TakKxKe pacrs- 
rHBalolllWe Harpy3KH OT WaBJIeHHA BOAbI. B MeTasMH4eCKHX CIMpaJIbHbIX Ka- 
MepaX CTaTOp ABJIAeTCA ee 
OCTOBOM, OObCAXHHAIOULHM B 
@HHY!IO KOHCTPYKILHIO- BCIO 
CnupavJib. 

[loyqBoasulasd KaMepa B Bue 
CiHpalH MO3BOAeT OCyHIecT- Oce 
BAATb XOPOIIHH TOJBOA BOJbI Kamepor 
pH MHHHM@aJIbHBIX ra6apuTax 
H MHHHM@JIBHBIX NoTepax. Cnu- 
paJIbHadA KaMepa B OTJH4HE OT Jys 
OTKPbITOH H KOwKyXoOBOH no- = CPaau 
3BOJIA€T BbIHECTH SHAYHTeIb- 35) 
Hy!l0 YaCTb MCX@HH3MOB FHypo- 
TYPOHH H3 BOJbI B Cyxoe MOMe- 
IeHHe, 4TO yJIyaWlaeT ycOBHA 
39KCIyaTaluu TypO6HHBI. 

B 3aBHCHMOCTH OT Hamopa 
CHHpaJIbHble KaMepbI BbiGupa- 
IOT Oe€TOHHbIMH WJM MeTaJIJIH- 
yeCKHMH. - oo 

Jina Hanopos go 50 ampH- Puc. IV.2. Cxempr cnupanbHbix Kamep: a —c TaBpo- 
MeHAIOT O€TOHHbIe CIMPaJIbHble BbIM ceyeHHeM, 6 — C KPyIrJibiM cedeHHem 
KaMepbI, pawWaJIbHble ceyeHHA 
KOTOPbIX HMelIOT opmMy TaBpa (pue.1V.2, a). Jina Hanopos cBpbiine 40 
TIIPHMeHAIOTCA MeTaJIIHYeCKHe CNHPaJibHbie KaMepbl C KPyIVJIbIM pajHaJb- 
HbIM ceyeHHem (pyc. IV.2, 6) uaH cMelwlaHHble C uacTHUHOH mMepeayuet 

; Harpy3kKH Ha OeToH. 
Banyan Js OURHb MaJIbIX HalopoB NpH- 
A SY MeHAIOTCA CHQOHHbIE CiupaJIbHble 
y crs YY KaMepbl, 6larovlapaA KOTOPbIM 
Jy VBE yMaeTcH fake KpylHbie TypOHHbI 
Me f 


oa ip MaJibiX HallopaxX pa3MeCTHTb 













iN 1- - 4 6e3 sHauHTenbHOTO § 3arnyOneHHA 
, NOX YpOBeHb BepxHero Gpetpa. 
2 - Tlorom0k Tako CHOHHOH Kame- 
pbl pacmowaraeTca BbIle YypOBHA 
BepxHero Obeda, H 3anO/IHeHHe Ka- 
| | MepbI BOMOH JOCTHTaeTCA C MOMOLIbIO 
Puc.IV.3. Cxema cubonHoii cnupanbuolt Kameppi «=OTKAYKH BO3AyXa SKEKTOPOM HVJ 
BaKYYMHbIM Hacocom. Cxema CH®OoH- 
HOH CNHpasbHOH KaMepbl WOKa3aHa Ha puc. IV.3. — 

Jia xopomet pa6oTbt cHboHHOH KaMepbl HeOOXOZHMO, YTOObI BeJIMUHHA 
MaKCHM@aJIbHOrO BakyyMa (B HaHBbICIeH TOUKe MOTOKa Mepejy, KOvIecoM) He I1pe- 
Bocxogqusa 7 m 600. cm. | | 

B HeKOTOpHIX CHOHHbIX KaMepaxX IPH 3HaYHTeIbHOM BaKYYMe MO2KHO 
ipekpalllaTb TeYeHHe MKHAKOCTH K TypOHHE BIyCKOM BO3yXa. — : 

WIupuua ciupasbHoH KamMepht B ompenesiaercA yrsiom OxBaTa CIlHpaJiv 
HM MJIOWLaqbio ero BepXHero CeYeHHA, KOTOPaA 3aBUCHT OT BHIOPaHHOH BeJIMYHHbI 
CKOPOCTH U, BO BXONHOM Ce€4eHHH HW pacxOja, Ha KOTOPbIN paccuHTbiBaeTcA 
CIHpavib. | : 
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Ha pue. IV.2 noka3aHbl CXeMbl CNHPaJIbHbIX KaMep C Pa3HbIMH yIrvlaMH 
OXBaTa H pa3HOH dopMon ceyenuaA. Kpyrapie MeTaHyueckve CrMpaJibHble 
KaMepbl WIA CpeqHeHaNOpHbIX HH BBICOKOHANOpHbIX TYPOHH OObINHO 
HMEIOT yrOJI OXBaTa Qyax = 345+360°. Y HH3KOHaNOpHHIX TYpOHH c GeTOH- 

HbIMH CIMpadaMH yroJl OxBatTa 

2 <300° Pmax ~ 180". 
7 Bowpwioh yroul OxBaTa cnH- 
paJIbHOH KAMeDPBI BbI3bIBaeT YBe- 
JWYeHHe WHPHHEI CHpasJIbHOH 
KamMeppl B. B BennunHy B Bxo- 
AUT WHamMetp ctatopa D, 4 pa3- 
faba MephI B IllaHe ceuyeHHH O—/ u 
7 | of p~ 360° O—//I. Uem mMenbuie yroul oxBarTa, 
4 DH 7 J; TeM, OVCBUHO, MeHbIle MPH Mpo- 
fe We iP 4WHX PaBHbIX YCJIOBHAX pacxoy 
| ly yepes ceseHun O—/ u O—/I// u 
4 Mi COOTBETCTBEHHO pa3MepbI ceye- 
HHH. Ha pemuunHy B oKa3blBaeT 
BIIHAHHE H OpMa ceyeHHA cIH- 
: pamu. Ha puc. IV.4, 6 cpaBun- 
BaloTcad raOapuTbt B cnupasbHBIX KaMep KDPyrvloro H TaBpOBOrO ceyeHHi. 

Hav6oibuiMi BxoqHOH paguyc (puc. IV.4, a) npu Toh xe naAomanH OyzeT 
HMe€Tb KaMepa KPyrvioro CeYeHHA, TaK KaK TaBpOBOe CeyeHHe OyJeT y3KHM H 
BLITAHYThIM BBEPX H BHHS. 

Moyudukaluu TaBposoro ce- 
yeHHA OeTOHHOH CIHpaAbHOM Ka- 
Mepbl, BCTPeyalollHeca B lpakTH- 
Ke, yKa3aHpl Ha puc. IV.5. Ceue- 
HHA MOPyT. ObITb CHMMeTPHUHbIMH 
OTHOCHTe€JIbHO OCH HalipaBJnAto- 
mero ammapata (puc. IV.5, a) u 
HECHMMETPHUHBIMH (puc. IV.5, 6, 
6 H.2). COoTHOleHHe pa3MepoB 
mn OnpeqeiaetcaA KOHCTPyK- 
IHeH NOABOAHOH YacTH ruypocraH- 
MH HM pacnowoxwkeHvem TypOuH- 
HOrO O60py0BaHHaA. 

PuapaBanyeckHe CBOHCTBA | 
STHX CeYCHHH MpakTH4eCKH paB- 
HOLeCHHbI. PopMa ceyeHHA C TI0- 
CKHM MOTOJKOM (pHc. IV.5, 2) 
HaH6ovlee yqoOHa AIA KOMIIOHOBKH 
rhHypoTtypOunHoro o6opysoBanHaA. 
Tip TakoM cesveHHH HaHGosee mpocTo OcyecTBAAIOTCA MpOXOMb B WaXxTy 
TYpOHHBI, yCTaHOBKa BCNOMOraTesbHOTO OGOpyfoBaHHuA U TpyOonposBoga. 
OyHako IIpH TakoH @opMe ceveHHA AHO.CHMpaNW 3HauHTeNbHO ONycKaeTcA 
BHH3 WH paCCTOAHHe Mey HOM CIHpaJbHOH KaMepPbI H NOTOMKOM ee TopH- 
SOHTaIbHOrO AHppysopa MOXKeT OKa3aTbCA HeAOCTATOUHIM JIA pasMellle- 
HHA OTCacbiBaloMmeH TpyO6nt. | 

HecHMMeTpHunoe ceveHHe CHHpPabHOH KaMepbi .(BLITAHYTOe BBepXx) XOTA 
HM yxXyilaeT yCOBHA KOMMOHOBKH FHApOTypOHHHOTO O6OpyAOBaHHA B Wwaxte 
TYPOHHEI, HO NOSBONIAeT HMeTb Ooulee CBOOOAHOe MpocTpaHcTBO MexIy cnH- 
Pablo H OTCaCbIBaloMeH TpyO6oH, KOTOpoe B Clyyae HEOOXOAMMOCTH MOXKeET 
ObITb HCHOMb3OBaHO WIA, Pa3MeCUCHHA BOAOCOPOCHbIX KaHaOB, MponyckKalo- 
ItHX Np MaBosxke BOAYy yepes 3yanHe TSC. — 
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Puc, IV.4. Ta6apurst cnupanbHEix Kamep 





Puce. IV.5. MoyudpyukanHA tTappoporo ceqeHua 
OeTOHHOH CIHPpasibHOH KamepHhl 


TIpu spi6ope pa3smMepoB BXOJHOFO ceYeHHA CNHpasH, ocobeHHO pH m=0 
un = (0, oOpamartoT ocoG60e BHHMaHHe Ha TO, ¥TOOHI CeYeHHA He OBIVIH Ob! 
CJIHMIIKOM 3a€Y2KeHHBIMH. O6blMHO HPHepxXKHBAIOTCA CeEAYIOULHX BbIpaboTan- 
HbIX [PpaKTHKOH COOTHOWIeHHH Mexay au b (puc. IV.5): | : 

lia n=O umn m=O | 


15+ 1,8: 
a 


Mia n> 0 nH m> 0 

| | b m+n+t+ob - - 

2 = MEOT — 1,52 2,0, 

Boubuive COOTHOUICHHA CleLyeT HaSHa4aTb TOrAa, KOra OCO6eHHO, BaxKHO 
NOJIYYHTb MeHDbINYIO WHpHHYy CiHpawbHOH Kamepn B. - 


lll —\ ii» g 





| Puc. IV.6. Cnupanbyan 
KamMepa TYpO6OHHBI c qHa- 
MeTpom KoNeca D=9 om 


PekoMeHAYIOTCA CleLyloulHe BEAHYHHHI YrIOB KOHYCOB ciupaaHn: 6 = 20+ 
+35°; y = 20+35° npu m<cn; y = 10+20° npu m> nn; y = 10+15° 
mpu n = 0. : : 

BesH4HHbI yKa3aHHbIx Ha puc. 1V.2 u IV.5 AuameTpoB pacnomoKeHHA 
BXOJHBIX H BbIXOXHbIX KPOMOK ONOPHbIX KOJOHH, HAH peGep, cTaTopos D, 
u D, 3aBHCAT OT BeJIM4UHHI WHamMetpa Kouieca D,. 

PaccMOTpHM H€CKOJIbKO KOHKPeTHBIX CIIHpaJIbHbIX KaMep. 

Ha puce. IV.6 noxa3aHa cxema civpadbHOH KaMepbl TyPOHHHI C NOBOPOT- 
HBIMH JIOMacTAMH AZHameTpom D, = 9,0 m. Yrou. oxpata m = 19°. Cnupaup- 
Haw KaMepa TaBpOBOrO Ce4YeHHA BbINOJIHeHA C IVIOCKHM MOTOJIKOM. Bo BxOAHOHK 
YaCTH KAaMePbI AJIA YMeCHbINCHHA ee NpOJeTa yCTAHOBJIeHbI ABe MNJIOCKHe KO- 
AOHHbI, Ha3bIBaeMble ObIuKaMH, TOJILHHOHK 2 m Kayland. Pa3mMepbl OT OCH 
TYPOHHbI JO BbIXOMHOH KPOMKH OpraKoB (10 500 u 11 000 mm) BHIOpaHb u3 
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YCJIOBHA, YTOObI ME2KAY BbIXOAHOH KPOMKOH ObIYKOB HW KOHYCOM CHHpaJiv ObiI0 
IipOCTpaHCTBO, JOCTaTOUHOe AIA NpONyckKa BOA, NMOCTyMatwomehH B CIHpasbHYyIO 
Kamepy. M3 pucyHKa BHAHO, 4TO OAH M3 ObMKOB BbINOJHeH C HaKJIOHHOH 
BhIXOMHOH KpoMkKOH (11000, 13 500 mm), napannenbHoH KoHycy cnupamn. 

Kondurypauyva cnupaiu mpexonpenesmseT pacnojoxenve H dopMmy onop- 
HbIX KOJIOHH, HH peOep, craTopa, a Tak>Ke Harpy3Ky Ha HHX. TlosTomy mpo- 


| “popuns Kononn cmamopa 





1026 





Puc. IV.7. Tlopaqok noctpoeHua MeTasliMuecKOH. CNHpasbHOH KaMmepbl 


CKTHpOBaHHe CTaTOPa AOJXKHO NPOH3BOAHTbCA B COOTBETCTBHH C KOHCTPyK- 
Wve CNHpasbHOHW KaMepbl. KOHCTPYyKILHH CTATOPOB CIMpadH paccMaTpHBatIoTca 
B OTJ@JIbHOM Naparpade. MeTraamuueckve CNHpaJbHbie KaMepbI C KPYyIrJIbIMH 
Ce4YeCHHAMH MPHMeHAIOTCA JIHOO CBapHbIMH, JIHOO JIHTbIMH. 

MetaiumHueckHe CIHpaJibHble KAMePpbI C KPYIVJIbIM CCYCHHEM AIA CpeHHXx 
HanOpOB BBINOJHAIOTCA H3 CTANbHbIX JIMCTOB, MPpHBapeHHbIX K CTAaTOpy. 

Ha puce. [V.7 nokasanbl NOpAOK NOCTpOeHHA CIHpasIbHOH KaMepbl H ee 
ouepTaHHe B wlaHe. Ora Cnupadb NpeqHasHauena Ain TypOuHbI, padotaromerk 
npu nanope H = 100 um. . 
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Ot ceyvenuan /7  fanee K 3y6y CIiMpasH CeYeHHA H3 KPYFVJIbIX TepexOAAT 
B OBaJIbHbIe. JlenaeTcaA 3TO AIA TOTO, 4TOObI y 3y6a MOXKHO ObWIO MpakTH- 
YeCKH OCYIIECTBHTb CeyeHHe HEOOXOAHMOH Noman. Ecru Onl ceyveHun y 3y6a 
CHHpasiv, Hampumep 23 u 24, ocTaBUTb KPYIJIbIMH, TO OHH NIpocTo He pa3Mec- 
THIIMCb Obl MEXKLY NaTpyOKOM BXOJHOrO CeyeHHA H CTaTOpOM. Cnupavib B lane 
oT ceuenHua J Ro 23 BMECTO TeEOPpeTHYECKOH NaBHOH KPHBOH HMeeT BHA JIOMaHOK 
JMHHH. Takaa CnupadibHaa KaMepa C KOHYyCOOOpa3HbIMH 3BeHbAMH MOKeT 
ObITh H3FOTOBeEHA C NOMOILbIO BaJIbIOBKH. EcJH Obl 3BeHbA KaMePbI COCTOAIH 
He H3 IIPAMOJIMHEHHBIX JIMCTOB, a H3 KPHBOJIMHeHHbIX, TO HX MpHWIOCb Obl 
He BaJiblleBaTb, a WiTaMnoBaTb. JLia sToro noTpeboBaocb OBI Coabmtioe KOJIH- 
YeECTBO AOPOFOCTOAMLAX WITAMMOB pa3HbIx npopusten. 





Puc. 1V.8. C6opka cBapHont cnupanbHoli KaMe pbI 


3aMeHa KPHBOJIMHEHHOH COpMbI OYepTaHHA CNHpaiw JOMaHOH lpakTH- 
ueCKH He yXyAlliaeT yCOBHH TeEYeHHA MKHAKOCTH B HEH. KomHuecTBO 3BeHbeB 
BLIOHPpaeTCA TAaKHM, 4TOOb! NOMYYHTb OOBO CIHPaMbHOH KaMepbl JOCTaATOUHO 
NJIaBHbIM. JIA pa3HbIX CeYeHHH MPHMeHAIOTCA JIMCTbI pa3HOH TOVJIILHHBI. 
HanOovlee TOJICTHIeC JIMCTbI HCHOJIb3yY!IOTCA BO BXOJHOM Ce4eHHH cnnpadH (s = 

30 mum). C yMeHbIIeHHeM Ce4YeHHA NO MWIOWLalH TONUWLHHa JIHCTOB YMeHb- 
waeTcaA 20 S=16 mm y 3y6a cnupaau. Y cnupase c NOMHbIM YIJIOM OXBaTa @ 
Bce peOpa cTaTopa OObI4HO HMeIOT OAMHAKOBLIN MpopHab. 

B 3aBHCHMOCTH OT pa3Mepa BXOJHOTO CeYeHHA UM. rabapHToOB caMOH cmn- 
paJIH CTaTOP BHINOJHACTCH LCbHbIM HJM pa3sbeMHbIM. KoHuecTBO pa3beMOB 
H 4MCJIO CefMeHTOB CTaTOpa yCTaHaBJIHBaeTCA B COOTBETCTBHH C BO3MOXKHO- 
CTAHMH HX TPaHCHOpTHpOBKH. CaMy 3BeHbA CHHMpasiW TakxKe eMawTcA COCTAaB- 
HBIMH B COOTBETCTBHH C HME@IOILHMHCA pa3MepaMH JIMCTOB WH raOapuTaMH co- 
OpaHHOrO 3BeHa C YYETOM BO3MOXKHOCTH eFO TPaHCHOPTHPOBKH TIO *Ke/le3sHoOH 
Ropore HJIH BOJHBIM TpaHCnopToM. OObIdHO CBapHble CHHpPaJIH NOJIHOCTbIO 
coOuparrcaA Mp MOHTaxKe TypOuHbI. Ha 3aBone NOoHaA COopkKa NpOu3Bo- 
AUMTCA JIMIIb pH H3rOTOBJIeHHH NepBOK v3 TapTHH cnupanen (puc. 1V.8) Aaa 
NpOBepKH. YepTexkeH pasBepTOK JIMCTOB H WIA NOATOHKH 3BeHbeB CIIMpaJH. 
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CBapHBaloT JIMIUb Te TeTaIH, KOTOPbl€ NO3BOJAIOT NOJIYYHTb 3BeEHbA, YAOOHBIE 
AJiA TDaHCnopTHpoBKH. B ocTaAbHBIxX CJlyyaAX Ha 3aBOJe NPOH3BOAAT TOJIbKO 
cOopky HavG6ojlee cOKHOH NO KOH®HTypauwu 4acTH cnhupamH y 3y6a. 

Bcneqcrsue TOTO, 4YTO CBapKa CNHpasH NMpOW3BOAHTCA IPH MOHTaxe, 
a nocienyiomeH TepMoOoOpaooTKH CBapHbIX WIBOB He IIPOH3BOAHTCA, HeOb- 
XOIHM TULaTCIbHbIH BHIGOp aeKTpozoB. TIpH KOHCTpyHpoBaHHu cnupalu 
6obIuHX Ta6apHTOB HeEOOXOAHMO NpeAyCMaTPHBAaTh CHeUHaJIbHbIe CTAMKHbIEe 
GOJITHI, PACTAMRKH, JOMKPaTHI H Mpouve ycrpohcTBa, oOmeruaiouHe cOopKy 
HW ovlyueHHe MpaBHJIbHOH dopMbI. B nocsleqHee BpeMA B CBA3H C KOHCTPyH- 
PpOBaHHeM TYPOHH, HMEIONINX OOJIbIUHe pasMepbI H paOoTaomlHX MPH BbICOKHX 
Hanopax H OOJIbILNMX MOMHOCTAX, raOapHThl CIIMpPaJbHOH KAaMePbI 3HA4HTEJIbHO 
YBeJIHYHINCb. TOMUHHa JIHCTOB CBapHbIX CNHpaJIbHbIX KaMep OOBIUHO BBIOH- 
paeTes. 3 ycJIOBHH Harp y2KeHHS - €€ TOAbKO BHYTPCHHHM MaBAeHHeM BOAHI, 
Tak Kak cniipalbEan Kamepa. SBASCTCH TOHKOCTCHHOH O6OJIOUKON A He MOKET 
BOCIPHHUMATbh 3HaUMTEARMRER ‘wap yRABIX YeHAHH, KOTOPbIe MOryT e€ CILJIH- 
WHT bi. Tlostomy.¢ ¢ ERPAAE: o6nrmdHO YCTaHaBAMBaNOT Ha FHIPOCTaHIHH TAK, 
uTOObI Ona cpepRy Geta oTKpHiTon. Ecau ona Geronapyetca, TO Mexky Ha- 
rm ep TAOCTHIO cnHupasH H GeTOHOM NpekycMaTpHBaeTcaA ylpyraa 
wea, KOTOpad TpesOXpaHAeT CNUPabHyO KaMepy OT BOSAeCHCTBHA 
wap yjatoro RaBrenun. Beron Haq KaMepOd BEINOAHAIOT B BHAC CBONa, HMEIO- 
mero. ONOpbI BHeE CeveHHA cnupaan. | 

IIpu nepexoze. K Bee.Gonece MontHLIM TypO6uHaM YBeIH4HBAawTCcA PasMepbl 
NONeCPe4HbIX CeSEE 


















a cnupaan H BHYTPeHHHe AaBAeHHA B HeH,.a TakKxKe yBe- 
AMYHBAIOTCE ;Marpy3ku Ha cTaTop, K KOTOpOMy MIpHcoeAuHAeTCA Chupa. 
apeerep HallpAKeCHHOTO COCTOAHHA B TaKOH CTaTHYeCKH HeonpeteHMOH 
PYKUUH (peGpa craTropa, Kouba H O6004Ka ChHpadH), HaxoAAmelca 
NOX AeicTBHeM BHYTPCHHETO AaBJICHHA, 3ABHCHT OT COOTHOUICHHA 2KeCTKOCTH 
e MeHTOB HM MapaMeTpoB cCONpsxKeHHA. | 
PaKruKe -HPOCKTHPOBaHUA H HCcNesOBaHHs CIIHPAAbHBIX KaMep l0Ka- 
3aJia, 4TO- cyy MapHbe HallpsKeHHA B-BIeMeHTAX CTaTopa H O6C104KH chupagy 
MOryT JOCTHrHYTb TaKout BEJIHYHHB, IPH KOTOPOH noswyueHHe NpOsHOH KOH- 
CTPYRHHH CTaHOBATCA BOSMOMHEIM JHUIb MPH AONOAHHTEIbHOM yKEeCTOUeCHHH 
ee 93/leMeHTOB, HOO HPWH HcnomD30BaHHH BLICOKONPOYHEIX (JerHpOBaHHbIX) 
CTale#;-AH60- IPH -Hepelave wacTH Harpy3kH- Ha OeroHHEt OOK arperata. 
Yxecrouenne CihpasiWw WyTeM TIPHMeHeHHA TOJICTbIX JIMCTOB OrpaHHuHBaeTca 
BO3MO2KHBIMH TOJULHHaMH 30—40 mm. I]pHMeneHHe JerHpOBaHHbIX cTaseH 
C BbBICOKHMH Me@XaHH¥eCKHMH CBOHCTBAMH 3HAaYHTeJIbHO YCJIOMKHACT TeXHO- 
JIOTHIO. IPOH3BOACTBa HM MOHTaKa, BIVIOTb JO HeNpeOOJIHMBIX TPyAHOcTeH. 
IlosTOMy MHOTO BHHMaHHA Yets0Cch CO3TaHHiO KOHCTPyKIUHH CMeIUaHHbIXx 
CHUPaJIbHbIX KaMep (2Kee306eTOHHHIX), B KOTOPHIX CPaBHHTebHO TOHKOCTEeH- 
Hav CnMpasbHan KaMepa HeceT TOJbKO YacTb OOmLeH HAarpy3KH OT BHYTPeH- 
Hero: JaBJICHHA BOJbI, a2 OCTAJIbHYIO 4aCTb NMepefaeT HA apMaTypy 2X*e1e3s06e- 
TOHHOTO MaCCHBa, B KOTOPHIM 3ajeubiBaeTCA CIHpavib. | 
CrupasiH CMellwaHHOH KOHCTPyYKWHH C WacTHUHOH Nepeyayeh Harpy3kKH 
Ha OeTOH, YMeHbIlNad B MeJIOM HallpxAxKeHHOe COCTOAHHE y3sia, OO6aqaeT Ccepb- 
€3HbIM HexocTaTKOM. VHcnbiranva kpynHoraOapuTHbIX MOJeseH Toka3aJH, 
4UTO 2Kees06eTOHHbIN OOK He COCTaBAAeT BMeCTe C MeTasMHMYeCKON o60704- 
KOH CUHpaa eHHOTO MOHOMHTA, OCObeHHO B OKO/OCTaTOpHOH 30He CiHpaau. 
BuUMO, 3TO NpOHCXOAHT BCAeICTBHeE NWIOXOH CBA3SH IIOBepXHOCTH MeTaJia 
Hw Getoua. B ycnoBHax THApocTaHuHu SeTOHHpOBaHHe HH3a CHHpaaH Mp MOW- 
HOH apMaType OyneT Gomee TPYAHbIM, OCOGOeHHO B 3HMHee BpemaA. Tlostomy 
JIA HaexKHOH COBMeCTHOH paOoTHI OeTOHA H OOOMOUKH AOMKHA THLATeIbHO 
OTpaOaTHIBaTbCA H KOHTPOJHPOBATbCA TEXHOJIOrHA HCIOJIHEHHA 9THX paoor. 
B KayecTBe NpHMepa MOXKHO yKa3aTb TypOuHEI BpatcKon uw Kpacuoap- 
exoh TSC, rye civpasibHbie KaMepbI BbINOJHEHbI H3 HH3KOJerHpoBaHHon 
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CTaJIM C NOBbILMeHHBIMM MEXAaHH¥eCKMMH CBOHCTBaMH. Bokpyr BepxHero KOVJIbILa 
craTopa B MeCTe IIPHKHMaHHA JMCTOB OOONOUKH CNMpasu, rye BOSHHKAIOT 
HaHOOJbuIne yCuIHA, O6pa30BaH MOINHbIH *Keles0OeTOHHBIN KOJIbIeEBOH NOC, 
BOCIPHHHMAIOIHH YaCTb Harpy3ku. B sToH 30He U3bxATa yIpyrad MpoKayKa 
M@xKLY CIHpasbHOH KaMepoH H OKPy2KalOltuM 2XKees0OeTOHOM, apMaTypa 
KOTOpOro MpuBapeHa K cTaTOpy. CnupasbHan KamMepa TypOnnst Kpactoap- 
ckoh [TSC us3roTroBlena U3 JIHC- 
TOB pa3sHOH TOMMEMHbI (OT 30 mm 
H MeHbIle) H TpeX MapOK CTaJleH 
(CK, 1OXCHJ, u Cr.3), umerounux 
pa3sHble MexXaHHueckHe CBOHCTBA. 
J] MOWHbIX THAPOTYpOHH, y KO- 
TOPHIX TOJMIHHA CIMpaIH H3 
OObIMHOH yrulepOwHCTOH cTaJu 
3HAUHTeJIbHO TIPeBbILIaeT TEXHO- 
JIOTHUECKH JOMYCTHMYIO DIA BaJib- 
ILOBKH 3BeHbeB CIUpasH TOJLLHHY 
35—40 mm, BO3MOXKHO co3yanHHe 
NpeABapHTebHO HallpsAxKeHHOK 
KOHCTPYKUHH (6aHdaxKupOBaHHOH 
CIIMpaJIbHOH Ka@Mepbl) C MOJIHbIM | 
BOCIPHATHeM rHApocTraTuyeckoro 
Hanopa. B WKTH O6pina co3szana 
TakaA OMbITHAaA KOHCTPyKIHA. 
Ha puc. IV.9, a noka3ana ee 
cxeMa.. | 
B 3TOH KOHCTPyYKIUHH HMeloTCcCA 
Kpyrviple MepHvaJIbHble Oanja- 
KH J, OXBaTHIBalOMHe CNHpadb 2, | 
H MOWIHOe OpeOpeHHe J KOJIbIAa 
cTaTtopa 4 HU oOKOsOCTaTOpHOH 
30HbI. Bayunaxn If cocTOAT H3 
ABYX MOJOBHH: Ba KOHa OaHja- 
Ka lipHBapHBaloTcA -K CTATOPHbIM. 
peOpam (puc. IV.9, 6), a oBa apy-. 
THX CO@XHHAIOTCA C TATaMH Oaul- 
mMakosB 9 (pune. IV.9, @). IIpu no- 
MOIWIH HAaTAXKHOTO YyCTPOHCTBa H 
CbeMHOTO FHApaBAHYecKOrO cep- 
BOMOTOpa 6 co3qjaeTCA NpezBapH- 
TEJIBHBIM HaTAr B GayHdaxKax c 06- 
KaTHem o6o04uKH. JIo HatTara | 
OaliMakH HM OOOJO04KH NO MeCTY. Pye, IV.9. BaxnjaxupopaHHat ciupambHaa Ka- 
HX HaTATa JOJKHbI ObITh CMa3aHbl Mepa (a) H CONp sxKeHHe. 6Oanaxeit (6 H a 
MaCJIOM, a B. Hpomecce HaTara : | 
IIA UCKMIOUeHHA BOSHHKHOBeHHA CHV ‘Tpenua 0 june 6anqaxa OTKHO 
MpOuSBOAMTECA BHOponpocryKuBaHHe. MecTto mpHBapKH HM KOMMUeCTBO 
OaHwaxkel BbIGHpaeTCAH Ha OCHOBaHHH pacueTOB H3 YCJIOBUA Nepesauu Ha KO- 
AOHKY HaHMeHbIvero H3rv6alomero MOMeHTA. KOHTPOIb 3aTATAa MOKET OCYLIe- 
CTBJIATbCA 10 MAHOMETPY B COOTBETCTBHH C JaBJIGHHeM MaCJla B CepBOMOTOPe. 
IIpeumMymiecrBa OaHwaxKHPOBaHHOH CIHpasbHOH KaMeph CJleqyromHe. 
1. OrmagaeT HeOOXOZHMOCTh IIPHMeCHCHHA. BbICOKOJIErHpOBaHHbIx cTavier 
CO CJIOKHbBIM TEXHOJIOTHYeECKHM TIPOWeccOM H3IFOTOBJIGHHA KaMepbl. 
2. CraHOBHTCAH BO3MO2KHBIM IIPHMeHeHHe yrwepOAHCTOH CTaH TakKOH xe 
TOJULHHbI, TO HW JerHpoBaHHaw. CTOHMOCTb MaTepHaJlia YMeHblllaerca 
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6oee 4eM B UeTLIPe pasa, YTO 3HAUHTebHO OKyMaeT CTOHMOCTb OaHJa- 
*KHPOBaHHA. | | : | 

3. Bo3MoxKHO HCKIOUeHHeE NepeqayH Harpy3kKH Ha 2XKese300eTOHHHI 
60K arperaTa, 4TO NMO3BO/IAeCT IPHMeHATbh KaMePbl ONTHMAJIbHbIX Pa3MePOB. 

4. KoucrpyKWMA CTaHOBHTCA OO/lee HafexKHOH BCJeCTBHe NIpHMeHeHHA 
WIA cBapKH cra Cr. 3. IpeaqBapuTesbHO HalpAKeHHble SJICMeHTbI CTAHOBATCH 
MeHee 4YBCTBHTeJIbHbI K BO3eHCTBHIO NepeMeHHbIxX HallpAKeHHH; WpeqBapHu- 
TebHOe O6sKaTHe OGOOUKH BbIDABHHBAET. HallpAKeHHA, BOSHHKAaIOUIHe BCIEL- 
CTBHE MeCTHBIX OTKJOHCHHH OT KPYyrvioH opMbl ceyeHHA OOONOUKH. 

OnvcaHHadA KOHCTPyKWHA OaHaKHpOBaHHOK CIMpasbHOH KaMepbI MOs- 
HOCTbIO BOCHPHHHMaeT Harpy3Ky OT BOJH, ABJIACTCA TIO CBOeCH CxeMe Ooulee 
Haw@KHOH HM ONpeseteHHOH, YM CMellaHHad KOHCTpyKuHA. Takaa onnbirHan 
ClupalbHad KaMepa ycTaHaBJIMBaeTtcd Ha TypOHHe MomHocThiO N = 
| = 150000 xem, H = 140 om. | 

 T]poextupie padotTs! 4 9SKCNepHMeHTaJIbHble 
HCCJleNMOBaHHA MOC MeTaJJIH4YeCKOH CHMpaJb- 
HOH KaMepbl, YCHJIeHHOH peOpaMH *KeCTKOCTH, 
HOKa3aJiH HellesecooOpasHOCcTh CO3MaHHA TAaKUX 
KOHCTP YKI[HH. 7 | | Oo 
YauHbIM MOXKeT OKa3aTbCH TpPHMeHeHHe 
JIA OURHb KPYNHBIX rHApOTypOuHH ABYXNOJBOL- 
 HBIX cnupasen (puc. IV.10), Kaan “3 noz- 
BOOB KOTOpOH NHTaeT NOynepHhMeTp TYPOHHEL. 
BxowHOHK WaMeTp JBYXHOABOAHOH cinupaH 
yMeHbiIlaeTCA .B OTHOWeHHH Y2, a cyeqoBa- 
TCJIbHO, YMeHbIMaeTCA H HEOOXOAHMAaA TOAUKMHA 
aucTos. MccreqoBaHuA MOAeIM TAKOH CNHpasu 
B JITIM noxa3anu, 4To pasvanbHble ycuaus, 
| NefictByiomuve Ha paOovee kOeco, IIpH AByx- 
NOJBOTHOH CNHpaJIbHOH KaMepe MeHbIile, 4eM TPH OOBTYHOH cnupaau. IIpu 
BbIOope pa3sMepOB CNHPaJH HaqO YUHTbIBaTb, 4YTO MPH PaBHOBeJIMKOH MV0- 
waH ceveHHaA OGeHX CNHpaseH CNOKHDIH NepumMep y ABYXNOJBOAHOH . cnn- 
pamH Oo7bile, T. e. y Hee OoubIue THApaBAMYecKHe NoTepH. Ee nmaouayb 
cllelyeT yBeMHYHBaTb TpuMepHo ua 10%. : 

OnbitHad CNHpalib TAaKOH KOHCTPYKIHH, ycTaHoBsieHHad JIM3 Ha rugpo- 
CTaHILHH Ha TypOuHe c N = 77 000 xem, H = 66,5 m, noKa3aia B 9KCIWIyaTa- 
UHH xopoutyro paodoty. , 

JIutTbie CIHpaJIbHbie KAMepbl IPHMEHAIOTCA JIA BbICOKOHAaNOpHbIX TYPOHH 
(puc. IV.11). BetcoxonanopHaa TypOuHa xXapakTepH3yetca OObIMHO MaJIbIMH 
pacxoqaMH BOJbI, NOSTOMY BXOZHOe CeyeHHe CIMpalH NOmyyaeTcA y Hee 
OTHOCHTeJbHO HeOObUIHM. B cBA3H Cc OObIIIMM HAaMNOpOM BOZBI CTeEHKH ee 
HMelOT OOJIbILYyIO TOMMAHY. McxoaA 43 ycCIOBHH TpaHCNOpTHPOBKH Mo *wewes3- 
HOH Wopore, AHTHIC CNHPaJIbHble KaMepbl OOBIUHO BHINOMHAIOT pa3’beMHbIMH 
B paHaJIbHOH MIOCKOCTH HA He€CKOJbKO Y4acTeH, COC HHACMBIX C MOMOLLbIO 
(dulanues H 6OvITOB Cc raHkaMH B efHHy!IO KOHCTpyKuHio. [loka3aHHaA Ha 
pue. IV.10 cnupambHanA KaMepa NpeqHasHavena JA TYPOMHbI, padoTatouleH 
nipH Hanope H = 300 om. | 

JluTaa CNMpasbHadA KaMepa OObIGHO ABJAeTCA KOpMycom TypOunHb. Ha Her 
MOHTHPYIOTCA HAallpaBAAIOULHH allnmapaT, CepBOMOTOPH, HallpaBJAroluyHe NoL- 
WHNHHKH HW Apyrhe JerTasiv, NOITOMY Np KOHCTPyHPOBaHHH TaKOH CiHpaJb- 
HOH KaMepbI OObIMHO IIpeAyYCMaTPHBAIOTCA TIPHJIMBbI AJA yCTaHOBKH CepBo- 
MOTOPOB, JJIH KpelJIeHHA XOJIOCTOTO BbINyCcKa WH APyrux y3o0B. JiuTHIe cnH- 
PaJIbHble KaMepbl OOLIGHO NOJHOCTHIO OOpabaTHIBalOoTCA Ha 3aBOe, TaM «KE 
NpOBOJHTCA MX KOHTPOJIbHaA COOpKa H HCIIbITaHHe THAPaBJIM4eCKHM aBule- 
HHeM B COOTBeTCTBHH C.CYINeCTBYIOWJHMH HOPMaMH. 
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Puc. IV.10. Apyxnogpognas cnu- 
 pasibHadA KaMepa 


IIpH KOHCTPpyHpOBaHHH JINTOH CIIMpanbHOokh KaMepbl Ha BbICOKHE HalOpHl 
NOJOKHO OOpalllaTbcCA BHHM@HHe He TOJIbKO Ha IIPO4HOCTh ee CTeHOK, HO H 
Ha *KeECTKOCTb *laHWeBbix coeqHHeHHH. I]pu HesOcTaTOUHOH TOMHIHHe H MaJIOn 
*KeECTKOCTH OHH (QJlaHwbl) MOryT He OGecHe4uHTb HeEOOXOAHMYIO MVJIOTHOCTb 
coeqvHeHHH. OObIGHO JIHTHIC. CHHpabHbIe KAMePbI NOAHOCTbIO He OeTOHH- 


PpyloTcA — OHH HIM pacnoJiaralotca Ha (PyHTaMeHTHOM KOVJIbIe, HH YaCTHUHO 
3aJIMBaloTca B OeTOH. 


JiJid CBapHbIxX CNHpaJIbHbIX KaMep OOBIMHO HCHOMb3ylOT MaTepHadl C xopo- 
WIHMH MJlaCTHYeCKHMM CBOHCTBaMH, TaK KaK MpH H3rOTOBJICEHHH KaMep JIHCTHI 
MOMHMO BaJIbILOBKH H WTaMMOBKH MpHXOAUMTCA NOATHOaTb B Mporecce COopKH 





Puc. IV.11. Jlutaa cnupanbHad Kamepa B exe 


MW MOHTaxKa. Kpome Toro, Ip XOpOuIHxX MacTH4ueCKHX CBOMCTBaX MaTepHasa 
B Clyuae OTCTYIICHHA 3BeHAa OT pacueTHOH POpMbI BO3MOXKHbIe NHKH Halps- 
KeHHH MOryT JlerKO BbIPABHHBAaTbCA. 


TIpu ycTaHOBJeHHH TOMEI JIMCTOB OHH COTaCOBbIBaIOTCA C CYUeCTBYI0- 
IMHM COPTaMeHTOM Ha IpoKar. 

YuuTHIBaA JIUTeIbHbIM CpOK CAyKObI CNHPaJIbHbIX KaMeP, BOSMOXKHOCTb 
UX prKapreHHA MH MCTHpaHvA, TOAMLMHY JIMCTOB GepyT Ha 2 MM OovIbUIe pac- 
YeTHOH. | 

B cBaA3H C TEM, UTO H3MCHCHHA JaBJIeHHA B CNUpPadH OblBaloT KpaTKOBpe- 
MeHHBIMH (JIMUIb B Wpomecce perysHpOBaHHuA), BHIOOp AoMycKaemoro Hanps- 
KeEHHA MPOH3BOAAT OOLIMHO MO CTAaTHYeCKOMY HAallopy MpH 3aKPBITOM Halipas- 
AAIOUIEM allapaTe, omycKaA B mpowecce peryAHpOBaHHA ITIOBBIMIeHHbIe 
HallpsKeHHA. | | | 

OO6bIMHO CBapHple KaMepbl BbIMOJHAIOTCA M3 CTAJIM M Cr.3 co caeqyrouluMu 
MEXAHHYeCKHMH CBOMcTBaMH: oO, = 24 KI/mm*;- 0, = 44+47 KI/mm’?; 6 = 
= 25%. | oS 

JlonyckaeMble HallpaxKeHHA C YYeETOM AHHAMHUYECKOLO NOBBIINeCHHA LaBvyie- 
HHA TIPHHHMAlIOT PaBHbIMH O,,, = 1300 KI/mm?, mpH y4ueTe MeCTHBIX Halpsa- 
KeHHH JOMyCKaeMble HalpAXxKeHHA MPHHHMAaIOT MO Og, = 1550 xKI/cm? 
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TOJMEHHbI CTCHOK JIHTHIX CIHPpabHBIX KaMep OpeseiAloTca pacuetom. 
Oua JOJDKHa IPHHHMATbCA C YYETOM TEXHOJIOPHYeCKHX BO3MOXKHOCTeH crocoba 
NOMYYeHHA OTHBOK LWeJIbHOMHTHIX HH COCTABHbIX H3 OTAGJIbHBIX CeFMeCHTOB 
KamMep. [Ip 3TOM AOJ2KHEI YYHTHIBaTbCA H YCAOBHA TpaHCnOpTHpoOBKH. 

JIutTbe CiHpaJbHple KaMepbl H3SFOTOBIAIOTCA OOBMHO 43 cTamH 30J1 co 
Ce yIOU.MMH MeXaHH4ecKHMH CBOHCTBaMH: 0, = 23KI/mm*; o, = 45 «0 /mm?: 
6 = 10%. JlomycKaemble Hallps>KeHHA nlp HHUMAaIOTCA MCHbINHMH, YeM IA 
CBapHbIxX KaMep, Ha 10—20%, Tak kak BCIeACTBHe CIO*KHOH op mst OTJIHBOK 
BO3MOXKHA H€paBHOMEPHOCTh CBOHCTB MeTaia B OTIHNBKe. Jia BbICOKOHAarIOp- 
HbIX TyYp6HH C MOTOKOM BOJIbI, HeCyUeH MHOTO B3BeLICHHbIX YaCTHIL, MpH- 
MeHAIOT JIA OTJIMBKH CIHpaJiI Hep KaBeIOMLylO CTAJIb. 

/lna ciupasei CBapHbIX MOILHbIX TMApoTypOuH MpHMeHAeTCA. WHCTOBas 
CTaJIb NOBbIeHHOrO KayecTBa CXJI-4 (1OXCHA) c o, = 54 KI/um?; 6, = 
= 18%. Crab XOpOllO cBapHBaeTCa B XOJOQHOM COCTOAHHH, HO ee TIpR- 
MeHeHHe orpanwanpaerca TOMMMMHOH JIHCTOB 32 MM: HonycKarores Hallps- 
*KeCHHA JIA Hee 1800 DK lom?*: 


SXAHY WHECKUA PACUET CHMPANbHOA ‘KAMEPbi. 


H.pat ere cnHpabHon KaMEpEI HeOOXOAHMO npexge BCETO YycraHoBHTb 
pacxog; Ha KoTopnilt 6yner PaccUHTLIBaTbCA CHMpaJbHaA. KaMepa: O6srdHo On 
COOTBETCTBYeT MAKCHMA@JIbHOH MOLLHOCTH IIpH pacueTHOM Hanope. Ho cnupadb 
MOKET PaccHuTEIBaTRC A H Ha..pacxO], COOTBeTCTBYIOWIMH MAaKCHMaJIbHOMy 
SHaveHHIO K. I. 9-5. B STOM earyuae’ radapHTbl CiupatH OyJyT ._MeHbIIMMH. 
VMunoraa npuxogures /PaCCuHTHIBaTb cHupadb HW Ha Ma@KCHMA@JIbHBIM: Pacxon, 
Ol pe He AReMEtE pacuerHort MOLIHOCTbIO IPH MHHHM@JbHOM Harlope, B 93TOM 
crywae Ta6ap Hurts cnupaH OylyT HaHGoubWIuMH. Bri6op pacxoya AA pacuera 
CHpaIbHOH KaMepbI CueRyeT MPOHSBOAUTS HO HanOoJlee MpOOMKHTEAHOMY 
pexumMy paooTH TypOHHer. 

CoupaabHylo KaMepy IIpOeKTHPyiT Tak, aT06H MOTOK KHIKOCTH B Heli 
Obl NOTEHUHAABHBIM H OOazan oceBoh CHMMeTpHeH. | | 

MepuavonanbHoe ceyenve CIIMpabHOH KaMepbi noRGUpawT Tak, 4TOO6bI 
o6ecneuHBaslocb paBHOMepHoe paciipeyeneHve pacxoya No OKP y2XHOCTH 
HallpaBsmONLero almapata, T. @. 4TOOL] BEINOAHAMOCh ycJOBHe 


Qg=-s2, (IV.1) 














rye Q, — pacxoq yvepes MePHAMOHAbHOe ceyeHHe chu pasbHont KaMepHl, 
MpOBeseHHOe NOX yIviOM Q; 
Q — pacxoy yepes Typ6uny. 

3HaA pacxOA TYPOHHEI, MOXKHO YCTAHOBHTb PacxoOy Yepes BXOMHOe CeyeHHe 
CnHpasiH B COOTBETCTBHH C YIJIOM OXBaTa CIHpasiH. SafaBiiuch 3HayeHHeM 
cpellHeH CKOPOCTH BO BXOJHOM Ce4YeHHH CIHpPad U,, MOXKHO OMPeAeJIHTb MIO- 
ab e€ BXOQHOrO CeYeHHA. SHAN NVIOMWab BXOJHOFO Ce4YeHHA, MOXKHO ero 
NOCTpOHTb, BhIOpaB dopmy ceywenHn cnupanH. Ilo npHHATOMy BXOJHOMY 
ceueHHIO CHHpamH OMpeseiAloT pasMepbl NocAeAywuAx ceyweHHH, Heo6xo- 
AMMble JWIH OOecleveHHA PaBHOMEPHOTO NOABOMa BOAbI 10 BCeH OKPyKHOCTH 
HallpaBJAloWmero annapata. 

PunpapinuetkHH pacuer CnHpaJbHOH KaMepbI IO © BaKOHy v,r == const 
HCXOAMT H3 NpelnonoxwKeHHA, YTO NPH ABHXeHHH XRKHAKOCTH BOKPyr oOObmeH 
OCH MOMEeHT KOJIHUeCTBa JBYH2KeHHA JIA KaKJOH 9JIEMCHTAPHOH JIMHHH Takxe 
e€CTb BEAHYHHA NMOCTOAHHAA, T. €. KUAKOCTh IP JBHXKeHHH NO CIMpadH HHKa- 
KOH pa6oThi He COBepliaeT, OHA JIHIMIb NOMyyaeT 3aAKPyTKy B CNHpasH HU Ha- 
NpaBJIAIOleM alnapate, a 3aKPYYeHHHIH NOTOK BOJbI JIHWb Mp NOCTyMMeHHH 
Ha pa6ouee KOJIecO H3MeHAeCT CBOH MOMECHT KOJIMUeECTBa ABHXKCHHA, 3a C4eT 
uero H Bpailaerca KOJIecO TYPOHHBI. 
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OTOT MeTOA pacueTa, KaK MNOKa3bIBaeT paKkTHKa TruApoTypG6ocTpoenna, 
leslecoo6pa3seH pH GoObwIHX yruax oxBaTa (@ > 180°), on onpenensner 
(bopMy CNHpaJIbHOH KaMepPbl, HMeIOMeH IPH pallHOHaJIbHO BbIOPpaHHbIX CKO- 
pOcTAX MAaJIble NOTepH SHEPrHH, 4TO OOecneynBaeT BbICOKHe JHEpreTHyecKHe 
KauecTBa TYpOHUH. 


BenwaHHy cpelHen CKOPOCTH BO BXOJHOM Ce¥YeHHH cnupaHu BEIOHpaWorT 

B 3€BHCHMOCTH OT Hanlopa, v, = RY H, rue k = 0,8+1,1. S3Hauenna sToH 
CKOPOCTH WIA pa3HbIX HaNOpoOB NpuBeweHh! Takxe B TaO. IV.1. | 

Ta6auna IV.1 


SHaveHns cpenHeH | cxopocrn Uc HOTOKaA BO BXORHOM CeC4YeHHH cnupaabHok KaMepp 


U.B M/cek IpH H BM 


Tun typ6unp POO OOO 
5 [10 | 15 | 20| 25 30 | 35 0 | 50 | 60 | 70 | 80 | 100 | 15 200. 250 | ao 
TlopopotTHoio- 
mactTHbie: |. a 
GeTonHbie =| 2,25 | 2,8}3,313,8| 4,25 | 4,55 | 5,0| 5,25 | 5,8 
MeTaJIJIHWe- 5,0 {5,315,6 | 6,2516,6|7,017,3 
cKHe | 
PayuaJbHo- | yf —16,9516,7 |7,2|7,5|7,8)/8,719,7| 10,25 | 10,4 | 10,5 
oceBhie (MeTaJ- . | - Lo 
wHyecKkHe ) | 





B kKaxjo# Touke moTOKa B cnupasbHok KAMepe CKOPOCTh -BOJBI * MOXKET 
6bITb pa3loxKeHa Ha Abe COCTAaBAIOULWe — PalHaJIbHy!O CKOPOCTb JU,, Ha- 
npaBsleHHylO NO payuycy K OCH TyYPpOHHbI H OKPYXHYIO CKOPOCTb V,, Hallpas- 
J@HHY!IO HepmeHAHKyJIAPHO K pafuycy (cm. puc. IV.2). 

PaluvanbHad CkopocTb 6yeT paBHa , 


U, — tDebo ? | (IV. 2) 





rae Q— pacxog uepe3 Typ6uny; 
D, — AWaMeTp OKPy2KHOCTH BbIXOJHbIX KPOMOK pe6ep; 
bo — BHICOTa HallpaBsatiomero alllapata. 
Ora paasbHad COCTaBJAIOWaA CKOPOCTbh lOKHa ObITb NHOCTOAHHOH, 
uTOObI OOeCMeuHTh PaBHOMePHOe NMTAaHve HaNpaBJIAlOWlero anMapata No Bceli 
OKP YXKHOCTH. 


Oxpy2kHaa CkOpocTb B OOOH TOUKe AOJKHA NOAYHHATBCA 3aKOHY [i0- 
CTOAHCTBA OULateH 


v,r = const = k, 
re rf — paccTOAHHE OT OCH TypOuHEl JO pacCMaTPHBaeMOH TOUKH; 


k — MOCTOAHHAaA CHMpadH. . 


CreoBaTesbHo, pacxon yepes s1060¢e ceveHHe i © HAPY2KHbIM pannycom R 
paBeu 


a9) F 


= 3607) Su uaF, 


8 


y=, a dF=bdr 
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CreqOBaTeJIbHO, 





. 
gi k | dr. (IV.3) 
IlenTpabHbii yroul, COOTBeTCTBYyIOWHA i-My ceyeHHIO, Oyler paBen 
R | 
3609; 360k ¢ 6 
=—G-=-5 — dr. ([V.4) 


Pacxoy vepe3 BXOQHOe Ce4eHHe CIMpPaH, COOT- 
BeTCTBYIOUMLHH HAHOOJbUICEMY YIY Qmax, 


—— QPmax __ b 
Qe = EM =k | dr. (IVS) 


re 





Tak Kak pacxoy, ¥epe3 Bxo-HOe ceyeHHe 
cmupasi Q,, H3BECTeH, a BXOJHOH CKOPOCTbIO Uv, 
H POpMOH cCe4YeHHA 3aalOTCA, TO MOXKHO oOIIpe- 
AeAMTb WAOMalb BXOAHOTO ceyeHua F,, H Mo- 


n 
ny CTOAHHY!IO cnHpamH Rk. 

« No JlabHenhuiHH pacueT cCBOAHTCA K omnpele- 
Rg | Ne€HHIO PpachOjOKeHhA B Wave Apyrux nofo6- 

Ab HBIX ceYyeHHH cnupaau. 
CiupaJbHas KamMepa C TaBpoBbiM ceyeHHeM. 
i BerTouuple cnHpaH cC TaBpPOBbIM cedeHHem 

 ~—_—, 


nmpoue BCcero PaCC4UHTbLIBATh Fpaco-aHasHTHYe- 

Ta CKHM cioco6om. [lopsafok pacueta cnenyioulHi. 

R; TloctpouB BxogqHOoe ceyenHe ABCHDE 

=— Ro (puc. [V.12), yqoBnerBopsionjee ycOBHIO Mpo- 

Reg nycka pacxojla Q,, Wepe3s STO ceyeHHe co cpel- 

HeH CKOPOCTbIO U,, NepexONAT K ONpeeseHHtio 

MOJIOMKECHHA B ahe APyruX CeyeHHH cnupaH. 

HismMeHeHHe pa3sMepoB ceyeHHH MpOu3BOAAT 

10 3aaHHOMy 3aKOHY Tak, Hallpumep, 4TOObI 

BePWIHHbI HAPYXKHDHIX yIVIOB eKaJIv Ha WPAMBIX 
AC u EH unu na KpuBerx (napa6ouax). 

IIpuuas npeqBapHuTesbHO B copmyvie (IV. 5) 
3HayeHHe MOCTOAHHOH k = |, nomyuum 


Rey 
od 
Gmax = | | —dr. 


"@ 





OTOT HHTerpaJ BLIYHCJIAeTCA rpadvyecKUM CHo- 


Puc. IV.12. [pado-anaautuye- co6oy. Jina 3Toro B NPOH3BOJIbHOM MacuITa6e 
CKHH PpacueT OeTOHHOM cnupanb- 


b 

HOH KaMepbl Np vyr = const 10 BepTHKaH OTKNaqbiBalOTcA 3HAYeHHA — 

B 3aBHCHMOCTH OT pagqHyca R JAA BXOAHOTO CeyeHHA H MmpomMexy- 
TOUHBIX ceuyeHHH J, 2, 3 u 4. 

IlnomaqnH, orpaHHuenupie KPHBLIMH mnab; m,n,ab; m.n,ab; msn gab; 

mManyab M OcblIO acOmHcc, GyAyT MpelcTaBAATh COOOM pacXOAb max} G1} 92 


G3 HU Qa npH k= 1 aA BbIlleyKa3aHHbIxX CeyeHHH. 
Ec ONpeweAHTb TAomatb mnab TIA BhIXONHOTO Ce“eHHA C yYeTOM Mac- 


Qmax Tlocae- 
4 max 


WiTaOa, TO MOXKHO NOACYMTATh H MOCTOAHHY!O BeHUMHY Rk = 
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3TOTO MOXKHO OnpeyeqHTb HM HCTHHHbIe 3HAYeHHA © n= = eqns QR = kegs 13 = = 
= kgs qs = ks. 

Tilo HaveHHbIM 3Ha4eHHAM Unax» Gi» V2» 43» 9g H COOTBETCTBYIONIHM pa- 
muycam R,,, Ry, Re, Rg H Rg cTpouTca KpHBax Q = f (R), Kak yka3aHO 
Ha puc. [V.12. | 

Ha 9Tom »Ke rpacuKe crpontca u KpHBas 9 = f (R), BErncieHHaa nO 
copmyvie ~ = Oe OueBu HO, 4TO Mpg = 0 pacxon g = 0, a yray Pmax 
COOTBeTCTByeT pagunyc R,,. 


CpelHaA CKOpOCTbh B KaKOM Ce€4eHHH oOnpesenseTcH U3 OTHOMIECHHA 
v. = Fi , Tye F; onpesenaetca TeoMeTpH4eCKHMH pasMepamuH 1-ro ceyeHHaA. 

BeaWunHa JV, HAHOCHTCA B IPOH3BOJIbHOM. MaciuTa6e Ha OPAHHATHI, COOT- 
BeETCTBYIOWNNHe KaxKJOMy CeYeHHIO, H TpHBOANTcH KpHBaA v, = f,(R). 

Tlomb3yacb KpHBOH g = 7 (R), MOXKHO No- 
CTPOHTb OYePpTaHHe cnupaJM B WwaHe H onpe- 
JI@IHTb e@ pa3MepbI B JIIO60M CedeHHH. 

PacueT CiHpaJIbHbIX KaMep HHOra Npous- 
BOJAT U3 [pekmouaraemMoro paciipeqeneHHA «. 
CKOpocTeH HJIH MOCTOAHHOH yO6niBatomleH K 3y6y 
ciupaH cKopocrH. Takwe MeTopl pacueta 
B OT@4YCCTBCHHOH TpaKTHKE He. nowy THM pac- 
HpocTpaHeHHaA. 

CnupatbHas KaMepa C KpyrJibim ceyeHHeM. 
MeranmHueckve “CIMpaabHble KaMepbl C Kpyl- .——— — 
JibIM CeuveHHeM. OObIUHO HMEIOT yIOJI OXBaTa |. . | hua 








OKOO 360° Hi PACCHHTEIBAIOTCA M10 3aKOHY . Pace. IV.13. K avanuTuseckomy 
pacuerty cCMHpaibHOH Kamephi 
v,f == const. : . Kpyroro ceyeHHA 


PasmMephIl KPyriblxX CeYeHHH OObIYHO. NOACYHTHIBAIOT AHAIMTHYeCKH,: Tak 
a tb 
Kak 3HaveHHA | ar Witt HUX onpejemaiorcA aHanuTHuecKHM itytem: 


B coorpercrBuu c 0603Ha4eHHAMH Ha: puc. IV.13 umeem 
b 


(+) + (r—a)? =? | | 
Onpexenus M3 3TOFO PaBeHCTEA & 3HayeHHe 0. K NOACTABHB ero B > uTerpan 
j= dr, NOy4uM 





a - | 
| farm 2| VF ae a)? a = 20 | ra tp —Vra(ra + 2p) |- 


. TlojcraBpuB 3HayeHHe MHTerpana B ypaBHeHHe (IV.4), nomyuHM | 
g=C lr +p ) alfa + 2p) |; | (IV.6) 


_ 720kn- - 
C= 
Q 


laa BxOqHOTO ceYyeHHA cnupanu pacxog Q,,., = Qs a pW jfomycKae- | 


pits 





MOH CpeqHel CKOPOCTH BOA! v,, NAOWaLb CCUeHHA paBHa P- = NOmax = QPmax. 
OTKYyAa . 
0 _— QPmax 

© max 3600e7% ’ 


ll H.H. Konaanes , tol 


TloqctaBaa 3HaueHHA yrwla OXBaTa H pagZHyc BXOMHOrO CeveHHA Pay 
B ypaBHeHHe (IV.6), MomxHO BBIUHCAHTh nocTtosxHHyio C. M3 pasenctsa 
(cm. puc. IV.6) moxHO NOY aHTD O aa m1OO60ro ceyeHHA Olpesenaemoro 


yrula @ | 
p= sty == . — (IV.7) 


Ypabuenne (IV.7) nosBoneT BLIYHCIMTb pakuyc Kpyrsioro ceyeHHA CnH- 
palH WIA yr0B @ H ONpexeIHTD 


R=2p+ 4%. 


O6pnrqHO pacueT BefeTcA B TAOMMUHOH cope: 











‘ e] raf Vek | 0 |» | Rar +1 


Ilo 2aHHBIM 3TOH TAGAMILEI MOXKHO NOCTPOHTB B liane OvepTanve cnupastH 
HW OlpeReAHTb pa3Mepbi ee NonepeuwHoro ceyeHHaA. 

M. M. Opaxesalpuau cipaBelIMBO pekoMeH,yeT IPH pacuete cnupasb- 
HOH KaMmepbl YUHTLIBAaTh NOW ab AKTHBHOFO CeyeHHA OTT, WO r, (puc. IV.13). 
YueT sTOH NMOWAH NpHBOANT K OdJIbUIeMy COOTBETCTBHIO NOABOa 3aKOHY 
U,r = const H K HeKOTOPOMY yMeHbINeHHIoO raOapHTHbIX pasMepoOB cnupasH. 

CrupasibHaad KaMepa OKa3biBaeT 3aMeTHOe BJIHAHMe Ha TOTepH B Halpas- 
JIAIOWIEM allmapaTe H paOoyem Koviece. AHaJIH3 SKCIEPHMeHTaJIbHbIX JaHHBIX, 
NOJYYeHHBIX B JlaOOpaTOPHH, yKa3biBaeT, YTO CHHPabHbIe KaMepbl -pasHont 
(POpMBI C Pa3HbIM YIJIOM OXBAaTa NOABOAAT K JIOMNATKAaM HallpaBsAtlomero anma- 
pata NOTOK C pa3JIHUHbIMH YIJlaMH aTaKH, KOTOPLIM COOTBETCTBYIOT pa3JIHGHBIe 
noTepH B HallpaBJAOMleM alinapare. 

TlockospkKy c H3MeHeHHeM OTKPHITHA HanpaBAloMlero allapata MeHsAeTcA 
H yrOul aTakH, TO KAKO CHHpasbHOH KaMepe COOTBETCTBYeT OJHO ONTHMAJIb- 
HO€ OTKphITHe HalpaBAMiomero alinapaTa C JlONaTKaMH JaHHOH dopMbl. 

Kanon cdopme CHHPaIbHOH KaMepbl OTBeYAeT CBOA ONTHMAJbHaA 30Ha 
pacxoJoB, rye C WaHHOH CiHpasibio K. 0. A. TYPOHHEI NOyuaerca BbIe, 4eM 
CO CIIMpaJIbHOH KaMepoH Apyroh dopmpI H pasmeposB. IlosTOMy MOXKHO B H3- 
BeCTHBIX lipefesaxX H3MCHHTb 30HY ONTHMAJIDHBIX K. I. 0. Ha pa3Hble pacxospl 
TYPOHH BHIOOPOM COOTBETCTBYIOMNeH CIHpasbHOH KaMepHl. 

OnbiraMH TakxKe yCTaHOBJIeHO, 4YTO MpOHycKHad Cnoco6HOcTh TypOHHET 
MIpaKkTHueCKH He 3aBHCHT OT (OpMbl CNHPaAbHOH KaMepbl, TAK KaK pacxoy 
uepe3 KOUIECO ONpeseIAeTCA TOJIbKO HallpaBsJeHHeM NOTOKa Nepel HUM, KOTO- 
poe 3aBHCHT OT HalpaBJAlomero alnapara, MpeACTABIAIOULETO coboit cpaB- 
HHTCIbHO TyCTy!O pawHasbHylo pelierKy. 

B na6opatopuu JIM3 takxKe ucceqOBaAOCch BIMAHHe yrla OXBaTa cnH- 

paJIH Ha He€paBHOMepHOCTb CKOPOCTH B Hel. 
_ YcTaHOBJIeHO, YTO B CIHpaJIbHOM YaCTH KaMepPbl OKPyKHble HW pavasibHbIe 
COCTABJIAIOINHe CKOPOCTH Uv, H U, pactipeweMAIOTCA MpaKTHYeCKH PaBHOMePHO 
NO OKPYyXHOCTH Han pa] AIOMErO alnapata 4 copnayaior C pacueTHbIMH 
BeJIHUHHaMH. 

B wacTu NepHMetpa HallpaBsAlomero anmapata, He OXBaYeHHOrO CNHPaJib- 
HOW YacTbIO KaMePbi, paciipeqewenve ckopoctreH HepaBHOMepHO. OKpy2xKHble 
CKOPOCTH v, Ha OCH KaMepbI 6H3KH K HyJ0, OHH BOSpacTaloT NO HallpaBile- 
HHIO K BXOJHOMY CedeHHIO CHUMP a bHOH WaCTH KAMePbI H CTA@HOBATCA JlaxKe 
OTPHWaTeIbHEIMH ~y 3yO6a CNHpaJbHOH KaMepbl. PayuambHble CKOpOcTH 4, 
HMCIOT M€2KCHM@JIbHbIe 3HAYeCHHA MO OCH KaMepbI HW yGbIBalOT 110 HalpaBJeHHIO 
K BXOJHOMY CeYeHHIO CIIMPaJIbHOH YaCTH KaMepbl MH K 3y6y cnupaanH. 
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Uem MeHbIlIe yrOJl OXBaTa @, TEM He€PpaBHOMePHOCTh CKOpocTeH GOouble. 
ro moka3aHo na pue. I[V.14, rae npuBeteubh! 3HaueHHA ckopocteit v, HU, 
B CIIMpabHOH KaMepe C HeEMOJHBIM yIJIOM OXxBaTa. 

MccnenoBaHveM Take yCTaHOBJIeHO, ITO yYKa3aHHaA HepaBHOMePHOCTb 
noTOKa B CIHpalv Nepe HallpaBJIAIONHYM alilapaTOM OCTaeTca B 3Ha4dHTeJIb- 
HOH cTeneHH H 3a HHM, CO31aBaA HepaBHOMePHOCTb B MOTOKe, OOTeKaIolleM 
ylonacTH pa6ouero Koseca. BcsleqcTBHe 9TOTO YBCAHYMBAIOTCA MOTepH Ha pa- 
6ouem KOvIece H Ha OGOee paHHeH CTaXHH HMeIOT MeCTO KaBHTAILHOHHHIe ABJe- 
HHA Ha WONMacTAxX paOoyero KOIeca, HAXOAAULHXCA B J@HHbIM MOMeHT IIPOTHB 
ocH KaMmepbi. 

Ha monacTax, HaxOJAUIHXCH MpOTHB 
CIHpaJIbHOH WaCTH KaMePbI, KaBHTAaIlHOH- 
Hble ABJIGHHA BOSHHKAIOT T103%Ke. 

CreloBaTeJbHO, yYBe@JIH4eHHe yrvia OXx- 
BaTa CIIMpaJIbHOH KaMepbl yJ1ydlliaeT ycJo- 
BHA MOABOJa BOALI K HallpaBJIAIOIeMy 
alnapatTy, oO6ecneuuBan O6ovlee paBHOMepHO Mepumemp Hanpabnsrowezo 
paciipeleienue cKopocteit. annapama, oxbavenoitt Gnupanoro 

Onnako yseauvenne yraa mpi coxpa- PY V1, hacpeseneane,ceonoces 
HeHHH TOH Ke WHPHHbI KaMepbl H, cJ1e0- oxpara mS | 
BaTeJIbHO, IWHPHHbI 6ONOKa rHApoarperata ) 

IpHBOAT K BOSpacTaHHlo CpeqHUX CKOpocteii B CIIMpaJH M yBeHYeHHIo MOTepb. 


ONTHMAaJIBHbIe 3HAYCHHA Yrla OXBaTa M CMHPaJbHbIX KaMep JIA pasHblx 
3Ha4eCHHH HAaNOpoB ceqylomile: 





lo 30m .. 2... eee ee ee ee ee.) p= 180-+200° 
30—5O wm 2... 2... ee ee ee ee eee) «<Q 20042259 
50-80 wm 2... ee p= 225+ 270° (6eToH) 
: @=345° (mMeras) 
Cape 80m... . 2... ee eee eee.) 6 345+350° 


YuacTOK CiMpasbHOH KaMepbl B pefemax oT 3y6a JO yraa mp = 170+ 180° 
BbINOJIHACTCA C OBAJIbHBIMH Ce4YeHHAMH. 

SHaveHHA WesecooOpasHbix cCpewHHX CKOpocTeH BO BXOJHOM CeYeHHH 
CNHpaJIbHOH KaMepbl lIpHBeszeHbI B Tab. IV.1. 


3. CTATOP TYPBHHbI 


Cratop Typ6OHHbI ABJIAeTCA BamkHeHuleHh dyHaMeHTHOH waCTbIO TyYpOUHbI 
H NpewHasnadaerca AIA nepesqauw Harpy3KH OT OeTOHHOH WaXTbhl TyYPOHHH, 
Beca JeTaiel TuspoarperatTa MW OCeBOTO aBJIeHHA BONbI K PyHAaMeHTy yctTa- 
HOBKH. Ha HeM MOHTHpyeTca CnHpadbHaA KaMepa H KOVJIbIla HanpaBsmouero 
annmapata. — 

Jian GeTOHHBIX CHpaneh cTaTop TypOnHbI BhINOJIHACTCA B BUC OTACAbHbIX 
ONOPHbIX KOJIOHH HJIH B BUJe KOJbIeBOH JeTasIv, B KOTOPOH KOJOHHEI OObesH- 
HAIOTCA BePXHHM HM HH2KHUM OOOJbAMH B e@HHYIO KOHCTpykKuulo. CratTop 
yCTaHaBMBaercaA BHYTPH CHMpas B BepXHeM H HHKHeM ee KOHyce. ONnopHbte 
KOJIOHHE, HH peOpa, HMeroT OOTeKaeMbIN MpOub B COOTBETCTBHH C JIHHHAMH 
TOKa cnupaJn. KOJIOHHbI BHH3y H BBEpXy HMEIOT (plaHILbI, C TIOMOI[bIO KOTO- 
pbIX OHH OeTOHUpyloTca. -Pa3smMepbl duaneB BbIOMpaloTcA Cc y4eTOM JOTy- 
CKaeMOrO WaBJeCHHA Ha 6eTOH. Onna H3 KOJIO ABJIAeCTCA 3VOOM coupadn. 
OOBIMHO B CIMpaibHOH WaCTH KaMEPbI NPOPHAW KOJIONH OAMHAKOBHI. B OTKPBI- 
TOH 4WaCTH KAMePbI KOJIOHHbI HMEIOT pasHble f1potpPHH B COOTBeTCTBHH C Te4e- 
HHeM X%KHAKOCTH B Kamepe. Ha puc. IV.15 noka3aHa ycTaHOBKa KOJIOHH B CIIH- 
pasiH C HENOJIHBIM yrsiomM oxBaTa. Ha puc. IV.16 noKka3aHbI CXeMbI KOHCTPyK- 
WHH cTaTOpa C OTJ@JIbHbIMH KOJIOHHAMH, CO CTATOPHbIM KOJIbIIOM, C BePpXHHM 
(TaTOPHbIM KOJIbILOM H OTBeMHbIMH KOJIOHHAMH. B nocweqHeM BapHauHTe 
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BepXHee CTATOPHOe KOJbIIO OObeEAHHACTCA-C BEPXHHM KOVJIbILOM HanpaBsaTo- 
mero annapata. B cayuae NPHMeHeHHA KOHCTPYKUHH C pacnosoxKeHHeM NOL- 
NATHHKA Ha Kpbillke TYpOHHbI Nepexayy Harpy3kH qyHAamMeHTy ruyApoycta- 
HOBKH 6ou1ee yHOOHO H HaeXKHO MOKHO OCYUICCTBHTb C NOMOLIbIO KOJIbILeBOrO 
cTaTopa, 4eM B CJlydae NIpHMeHeHHA OTICIbHEIX KOJOHH. [Ip npoexTupoBaHHn 
HawO Y4HTbIBAaTb, ITO B CAy4ae KOJIbIeEBOTO cTaTOpa OH OyeT ABAATbCA HaH- 
OobiuieH WeTaIbio TYPOHHH, ONpedesAloMmen ee rabapuThI MW NoTpeOuHoe ctTa- 
HOUHOe O6OpyOBaHHe. 

CraTop C OTbeMHbIMH KOJIOHHaMH 6e3 HH KHEFO O6Oa HMeeT Ooulee mpocryto 
JIA USTOTOBJIGCHHA KOHCTPyKUHIO. Ho BcweqCTBHe OTCYTCTBHA HH*KHEerO O6OMa 
i CBA3H C HHXKHHM KOJIbIIOM HalipaBJIalouero annmapata y TypOuHAI OTCYTCT- 
ByeT C€AHHbIM KOpIyc MalIHHbi. Kobia HanpaBJAiomlero anmapatTa CBA3bIBa- 
JOTCA B @CJHHYIO KOHCTPYKUHIO C MOMOIMIbIO GeTOHA, TOSTOMY BO3MO2KeEH 
nepekoc HampaBsiatollero allmapaTa w3-3a ycaqkuH OeToHa. Matepuvan aan 
cTaTopa BbIGupaeTCcA B COOTBET- 
CTBHH Cc jJeHcTByIOlleH Ha Hero 
Harpy3konh. Ecau Harpy3Ka Ha 
CTaTOp TOJIbKO CKHMAaIOWaA H OH 
He pa6oTaeT Ha pacTaxKeuHue, CTa- 
TOP MOXKHO H3LOTOBJIATh U3 4y- 
ryHa. Ecau Ha cTaTop JeHcTBy10T 
CKHMaloulve H pacTArHBaroulHe 
CHJIbI, 4TO O6bIMHO ObIBaeT pH 
CpeHHX H MOBbINNeHHBIX Hanopax, 
TO CTATOP H3FOTOBJAIOT H3 CTaJH. 
Tipu cBapHo-sHTOH KOHCTpyKILMH 
BepXHHH H HHXKHHH OG6OAbA cer- 
MeHTOB HU peOpa OTJIHBAaIOTCA H3 
CTaIH H 3aTeM CBapHBaloTCcaA B eH- 
HylO KOHcTpykunio. Ha _  puc. . 
IV.17 noka3aH cTaTOp CBapHo-sH- Puc. IV.17. Cratop cpapHoh KoucrpyKuHH 
TOH KOHCTPyKIHH. 

PaHee IIPHMCHANHCb KOHCTPyYKUHH WeJIbHOJIMTBIX CerMeHTOB cCTaTopa. 
PaculeneHie OTJIMBKH Ha Gosiee MpoOcTbie H MeJIKHe 4aCFH YIPOCTHJIO HX TIpo- 
u3BoAcTBO. IIpH cBapHoH KOHCTPpyKWUMH HH KHHe WH BepxHHe OOONbA H peopa 
HM3PrOTOBJIAIOTCA C HOMOIIbIO CBAPKH H3 CTaJbHOTO MpOKaTa H BaJIbILOBAaHHbIX 
HIM WTAaMMOBaHHbIX JHCTOB. Bai6op TOM HH HHOH KOHCTPYKUHH CTaTopa 3a- 
BUCHT OT MapaMeTPOB TYPOHHH, TabapHTOB HW TEXHOJIOrHYeCKHX BO3MOXKHOCTeH 
npousBorcTBa. IIpu 3TOM MpOH3SBOAHTCA TeXHHKO-9KOHOMHYeECKHH aHaJiH3 
KOHCTPyKUHH WH HX COMOCTaBJeHHe. 

IIpuH KOHCTPpyHpOBaHHH cTaTOpa HYyXHO OOpalliiaTb BHHMaHHe Ha BbIOOp 
lesecooOpa3sHoH KOH®HrypallWH HapyKHOH KPOMKH BepxXHero H HHKHETO 
o6o2beB, 4TOObI NepeXoA K 3BeHY CNHpasH OCYUIeCTBJIAICA 10. chepHyeckon 
nopepxHoctTu. IIpuMeHaABiiHecn B HEKOTOPLIX KOHCTPyKUHAX KOHHY4eCKHe NpA- 
MOJIMHeEHHbIe MepexOAbl OT CTaTOPa K 3BeHbAM CIIMpau HelleecooOpa3Hbl, 
TaK KaK B 3TOM CJly4ae BOSHHKAIOT MOBbILIeCHHbIe HANpAKeHUA B MECTE 3aNeJIKH 
3BeHa CiHpasH y ctraTopa. Uncao ONOpHbIX KOJIOHH H pebep cTraTopa OObIdHO 
BLIOHPpaloOT PaBHbIM MOJOBHHE UHCla HalpaBAAIOWHX sonaTOK. KOoJOHHBI 
pacnOJlaraiT Tak, YTOObI MeXKAY BHIXOAHOH KPOMKOH KOJIOHHHI WH HalpaBJAlo- 
eH MOMAaTKOM OCTAaBaJICA 3a30p H uTOOLI B TO 2Ke BPCMA OHH KaK Obl ABJIAJINCb 
NpOAOKeHHEM OHA Apyron. 

Jia CIHpasbHEIX KaMep C HeHOJIHBIM YIJIOM OXBaTa B OTKDPBITOH wacTH 
ChHpaJiuv BOIH3H 3y6a OObIMHO yCTaHaBJHBalOoT JOOaBOUHble KOJIOHHEI HJIH peOpa 
AAA Jyuulero POPMHPOBaHHA MH HalpaBseHHA NOTOKA BOA K HallpaBJIAIOULeMy 
annaparty. 
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-IpaBuabHow ycTaHOBKOH KOJIOHH CTaTopa y 3y6a B OTKPBITOH 4aCTH CIIH- 
paid MOXKHO YAYUUIHTb SHepreTHyecKHe KayecTBa TYPOHH, HMEIOWIHX CI 
paJlM C HeMOJHbIM yrJIOM OXBaTa. 

Bui6op pa3MepoB KOJIOHH B wane, HX KOH®urypauuA Hu pacnowomenHe 
ONpeseAIOTCA TeEOMeTPHYeCCKHMH AaHHbIMH CHHPaNbHOH KaMepbl, YCAOBHAMH 
o6TeKaHHA HW YCNOBHAMH TpoudHocTH. Cpequad JIHHHA KaxXXOH KOJIOHHDI 
CTPOHTCA NO JHHHAM TOKAa, a IpOMH/IH KOJOHH NOAOupalorca U3 CyLMecTByIO- 
UHX HCHBITAHHbIX B Aa6OpaTOpHH Nnpouseh WH MpoBepAIOTCA Ha MPOUHOCTd. 

Ha puc. IV.15 noka3aHo pacnomoxweHHe KOJIOHH cTaTopa TYpOHHbI C He- 
TIOJIHbIM YIVIOM OXBAaTa CIIMpaJIbHOH KaMeppbl. OOsIUHO ycTaHOBKY KOJIOHH IIpo- 
H3BOAAT B CeAyIOWleM NMlopsyKe. | 

Haunuana oT 3y6a CiupadH, NPpOH3BOAAT pa3OHBKy KOJIOHH NO AeJIHTeIbHOH 
OKPYy2KHOCTH 


Pox Dg + Do 


OT 3y6a cnupaan io KOJIOHHEI 1 Neo 10 ux ycTaHaBJHBalOoT Ha PaBHBIX paccTosn- 
HHAX OX yriom 30°, or KomoHHEI Ne 10 go Ne 14 — nog yraom 15°. Cpegurow 
IMHHIO KOJOHHBI CTpOAT, KaK yKa3aHO Ha PuCyHkKe, T. e. yuacToK Ry— Ry 
pas6HBaloT AyraMu OKPy2KHOCTeH Ha H€CKOJIbKO YacTeH. JaTeM Ha OCHOBaHUH 
pacueTHLIX JaHHBIX CNMPalbHOH KaMepbl HaxOJAT yron 6 MexKy HanpaBeHHem 
aOco/JOTHOH CKOpOCTH Y H OKPyXHOH ee COCTaBAMOMeH v,. Jaa cnupagn, 
paccuHTaHHOH 110 3aKOHy Oy r = const = k, 6yeM HMeTb 


__ __ Qr; __ _ dr 
igs= te = Daher = Const = |. 





CreloBaTebHo, yrom § ocTaeTcaA HeH3MCHHbIM BJOJIb BCeH JIMHHHM TOKA. 


SallaBanCbh NOCIEAOBATeJIbHO OTPe3KaMH dr, HaXOAAT MPONOPWHOHAaJIbHbIe HM 
oTpesku du 


du = dr “TO — by dr. 


3aTeM HaHOCAT CpesHHe JIMHHH CTaTOpPa, OPOPMAAA KOTOPbie OOTeEKAeMEIM I1pPO- 
usieM, NOJIydaloT TeOMeTPHYECKy!O POpMy KOJIOHH. 

B oTKphiToH wacTu cnupadu aaa KoAoHH Ne 7—13 yroa 6 Ha BbIxoJe pH- 
HHMaeTCA JVIH BCe€X KOJIOHH TaKHM Ke, KaK HM JIA KOJOHH B CHHpaJIbHOM 
yuacTKe KaMepbI, a BXOJHOH YIOul WIA KaxKOH KOJIOHHBI Olpesessetca pacue- 
TOM H3 YCJIOBHA, YTO OKPy2KHaA COCTABIAIONLAA VU, IPH Mepexone oT TOUKH A 


(kon0HHa Ne 6) go Toukn B (3y6 cnupanu) u3sMeHAeTCA MO JIMHEMHOMY 3a- 
KOHY, T. @. 


| U — wv | 
04 = U,p-+-A 8 gp =n + mo, (IV.8) 
re v, — OKpy2KHanv COCcTaBJAIOWaA CKOpOCcTH v Ha WMamMeTpe D, AAA pac- 
CMaTPHBae€MOH KOJIOHHHI; 
U.B3 — OKPy KuHa COCTaBJAIOMLaA cKOpocTH v Ha (Hametpe D, B TouKe B; 
V,A — TO %*e B TOUKe A; 
@ — yroul pacnosoxKeHuA pacCMaTPHBaeMOH KOJIOHHBI cTaTopa, cuHTaa 
oT 3y6a chupasH, B epao; 
@, — NOMHBIM yroA HeCHHpasbHOH YaCTH KaMepbI B 2pad. 


Besuunna CKOPOCTH U,g 3ABHCHT OT dbopMbl 3y6a H ompeyeanerca 43 ypas- 
HeHHA | 


Q 


UB U-B cig 6 = “onb,R- ctg é. (IV.9) 
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Yroa 6 onpegenneTca mpaktuyecku nocTpoeHvem TpeyroubHHKa ckopocrelt 
Ha JIHHHH 3y6a. : 


Oxkpy2KHaa CocTaBAloWaA aOCosOTHOH CKOpOcTH v B TouKe A 


UA= ~ > | | (IV.10) 





rye k — NOCTOAHHaA CnupawH. _ 

YpapHenua (IV.9) u (IV.10) nosBonsior onpegzenaTb KosppuuHenTht 
nu mB dopmy.ie (IV.8) u Aa KaxKJOH KONOHHEI, KOOPAMHMpyemol yrsom q, 
3HAYUeHHA U,. | : | 

Iiocrpoenve cpequeli AMHMM KaxJOrO peOpa Ha HeCIHpambHOM yuacTKe 
KaMepbl Npou3sBoquTca rpapwyeckH. Ha puc. 1V.18 noka3aHa HOpMasH30- 
BaHHad JIM3 KOHCTPyKIMA CTaTOpa Alla GeTOHHOH HM MeTaMueCKOH Cnupadb- 
HOH Kamep. IIpu yrvie oxBatTa cnupaan @ > 180° uncNO KOOHH cTaTOpa paBHO 


z 
z= > re Zyo — YHCNO HalpaBAAIOMMX MONAaTOK; Np yrae oxBaTa p< 


< 180° z = ~). + 1. Yrast a u B ycraHaBsMBaloTcA B COOTBETCTBHH C yraaMu 
CHHPaJIbHOH KaMepbi. 

Hccneqopanua MH. E. Muxaiinopa B aa6opatopuu MUCH noxa3aqu, ato 
Ha yuacTke peOep cTaTopa NOTOK H3MeHHeT cBOe HallpaBsleHHe B CTOPOHY 
yBenuuenun yraa Bp. [Ipoucxogut sto BceneyqcTBHe cTecHeHHA NOTOKa peOpamu 
cTaTopa HM HeKOTOPOrO HeCOOTBETCTBHA pacnpeyeneHHA OKpy HOH cocTaB- 
AmfoWeH CKOPOCTH UV, 3akoHy Mlowazeh. Hexoyyer storo o6crosTenbcTBa MpH- 
BOJHT K 3a€HHKeHHIO pacueTHOoro 3HayeHHA yraa Bf. 


4. PACUET HA TPOUHOCTb CTATOPA 
MPH BETOHHOA CIMPAJIbHOA KAMEPE 


PacueT Ha MpOUHOCTh cTaTopa mph GeTOHHOH CNHpabHO Kamepe cBOAUTCA 
K ONpejeJieHHio HallpaxxKeHHH B ero KONOHHaX. HanpsaxeHna NOABJAIOTCA 
B pe3yJIbTaTe Harpy30K OT Beca OeTOHAa, BeCa 4acTel arperaTa H JaBJeHHA 
Bon. [IpuH pacuere onpeqenaetca Harpy3Ka Ha KOJIOHHEI pH OCTaHOBJeHHOL 
TypOuHe, Kora B CNHpaH HeT BOLI, pH HOpMadbHOH paboTe TYPOUHEL H 
B CJlyuae COpoca Harpy3KH, KOrja BO3MOXXHO NOBbIMeHHe AaBACHHA B CHMpalHu 
B pe3yJbTaTe ObICTpOro 3aKPbITHA HalpaBJAlomlero annapata. 

OlpefeneHwve ycuaAHA, MelicTByioljero Ha KaxKyi0 KONOHHY cTaTopHoro 
KOJIbIla, MpeACTaBJIAeT CTATHUCCKH HeoNpeneeHHylo 3anauy. Jina yHpomeHHaA 
ee JewatoT cieqylollee JONyWeHHe: B CBA3H C MaJIOH XKECTKOCTbIO BepXHero 
MH HWOKHETO KOJeIl (OOOfbeB) KaKAyIO KOJOHHY CTaTOpa MOXKHO paccmaTpH- 
BaTb H€CBA3AHHOH C OCTAaJIbHBIMH. | 

CuavTaioT, UTO Harpy3Ka Ha KOJOHHE! GyeT MpOnopwvOHabHA WeHTpadb- 
HOMY yIJly , IPHXOAAMleMycA Ha Kayo KOJIOHHY. Ha HHX JeHCTBYIOT 
TOJIbKO BepTHKaJIbHble Harpy3KH — NOCTOAHHbIe OT BeCa HW HepeMeHHbIe OT 
WaBleHHA Bob. TlonepeaHad cuna oT moTOKa BObI BCMeNCTBHe ee 
HeOO/IbIOH BeJIMYHHbI H xXopowieH OGTeKaeMOCTH KOJOHH OObI4HO He yuH- 
THIBAeTCA. | 

Ha puc. IV.19 noka3aHa cxeMa Harpy3KH Ha KONOHHBI. B naane noKa3aHa 
3aBHCHMOCTb Harpy3KH OT MeCTa pacCNOOKeHHA KOMOHHbI B cnupanu. Ha 
PHcyHKe HMeIOTCA CJlefyloulwe OOO3HadeHHA: Q — BecoBad Harpy3kKa OT 6e- 
TOHA, JeTaieH TyYPOHHbI W TenepaTopa; p — WaBAeHHe BOAbI B CNUPAaJIH, KOTO- 
poe OyfeT BOCIPHHHMATbCA CTEHKOH CMpasiH H KOMOHHAMH. | : 

OnpeyesienHe Harpy30K NpOv3BOAHTCA WIA Tpex cyyaes: 
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I. Typ6uHa He pa6oTaeT, B CIMpasH HeT BOB (p = 0). B 9TOM cayuae 
Ha KOJIOHHbI JeHCTBYIOT TOJIbKO BeCOBbI€ Harpy3KH, CKHMaloulve UX, 


(Qr = Q1 + Qa, 


roe Q, — Bec OeTona, IPHXOLAULHHICH Ha OAHY KOJOHHY; 
Q,— Bec uacTeH TYpOHHbI HM reHepaTopa, NpuxoOAAWHHcA Ha OJHY Ko- 
JIOHHY. | 
Bec 6eroHa Q,, NPHXOZAUMHCA Ha OAHY KOJIOHHY, OObIMHO Onpedesaetca 


H 3aaeTCA MpOeCKTHPOBLIMKaMH FHApOcTaHUMH B COOTBETCTBHH C pacnoloxe- 
HHe€M KOJIOHH. 


| 


Bec yactei TypOHHbI wu reHepaTopa, MpH- © | | _ 
XOAAMIHHCA Ha OAHY KOJIOHHY, OnpewesunetTca 


| 
py Ic | 

mo mopmyue it 
| > Ge | | | 
Q2 — 360 ’ va 

i 
rae >) G- — cyMMapuHbrit Bec uacreli TypOuHbI aM —1 ¢ g 
reHepatopa, mepelaoilwiica Ha KO- —_ 


JIOHHbI (cCTaTOp HW pOTop reHepatTopa, 
KpbIlIKa TypOHHbI, peryupyroujee 
KOJIbIIO, OOpa MATH, Bal TYPOHHHI, 
pa6ouee kKoweco, HalpaBJAIOulHh 
NOMUHMHHK HT. Z.); 

@ — LUeHTpaJbHbIM YOU, COOTBeETCTBYIO- 
{HH JaHHOH KOJIOHHE. 

Il. Typ6uHa pa6otaeT HOpMasbHo (p = 0). 
Ha KOJOHHbI B 3TOM Caydae KpomMe oceBoH 
Harpy3kKuH OT 6eTOHa H Beca arperata JenCcTBYIOT 
Harpy3KH OT JaBMeHHA BODHI 


Qn = Q, + Q2— Py — Po + Ps, (IV.11) 


roe P, — ycuue OT AaBMeHHA BOAbI Ha NOTO- 
JOK CHHpaJIbHOH KaMepHl; 
P,— ycuuue OT JaBJIeHHA BOAbI Ha CTAaTOp 
H BepXHue JleTaH MpOTOUHOLO Tpak- 
Ta TYpOUHHT; 
P3;— ocepoe ycuaHe, elcTBylolulee Ha 
paOouee Koueco. 

IIpu OnpeqeeHHH yCHJHA P, CUUuTaIOT, ITO TaBeHHe BOAbI Ha NOTOOK 
CHpaJIbHoH KaMepbI NepewaeTCA NPOMOPUMOHAbHO WeHTpabHOMy yraly @ Ha 
CTeHY CHHPaJIbHOH KaMepPbI H KOJIOHHY. 

Mexy,y KONOHHaMH HM Hapy2KHbIM KOHTYPOM CIIMpaJiW CTpOAT TpalleluH, 
OnpefesIAIoT HX WeHTp TaxKecTH (puc. IV.19) H NOACUHTHIBaIOT BeJIMUHHYy yCH- 
amuu P, no dopmyse 


NX 
=a 





Puc. IV.19. Cxembl Harpy30K Ha 
KONOHHEI cTaTopa 


b 
P= 7 Pal, 
rye 
| 2a+C — (a+Cjh 
ba phage: f= aoe 


Ilocne nowcTaHoBKH ee 


(2a + C) (a+C)h 
Py, = hy +. ——~ 9 Ps 
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HJM , oo 
P, = — (2a +C) hp,  V.12) 
rye a, C uh — pasmeppt tpanenui (puc. IV.19); 


P, — AaBeHHe Ha NOTOJIOK CIMpasbHOH KaMepbl, onpeyemnemoe 
no dopmywie : 


9 
part a 








2g 
Snecb H — pa3HOcTb OTMeTOK BepxHero 6betba H MOTOMKa CHHpaJIbHOH Ka- 
MepbI. 
OKOH¥aTeIbHO TOsyYHM 
2 
Uv 
Py = h(2a+C) (4 — ie ). | (IV.13) 


YcHIHA OT NaBJeHHA BOA Ha CTaTOp H BepXHHe JleTa/IH IpOTOUHOrO TpakTa 
TYPOHHbI, MpHXOAAMMecA Ha OAHY KOJONHY, OMpezensiorca Mo dbopmyue 
Mm (72 2) 
Po = po-> (Da— ds) a (IV.14) 
rye D, — qHaMeTp pacnonoxeHuA BXOHEIX KPOMOK KOJIOHHBI; 


d, — WameTp Bala TypOuHb. 
laBjieHve B HpoTOUHOH YacTH paBHO 


05 
P2='YF 1 2g" ; 


rue fH, — pa3HocTb OTMeTOK BepxHero Opetba H cpeque HHH HallpaBJIAI0- 
uyero alilapata; 


1 —w& Q 
Oa BE = Dobe 
Snech a =~ 1,5 KoadxpuiuenT nepaBHomepHocteft CKopocrTei. 
OxkonyaTesbHo P, 6yyzeT paBHo | 
ty 2 Q? 2 2; @ 
Pra Gh (He ap, ) (De —D) ai mts) 
070 
OceBoe ycuHe OT BogbI, JelicTBylollee Ha paGouee KoneCo nepeyaBaemoe 
Ha KOJOHHY, paBHO 
P2P r 
Ps = 3697? ((IV.16) 
rye P,— ocepoe JaBsleHve BOAbI Ha paOouee Kosleco. 
III. COpoc nHarpy3ku, Obicrpoe 3aKphiTHe HanpaBsastomtero allnapata. 
B sToM cilydae Ha KONOHHY JelicTBy!OT BeCOBLIe Harpy3KH OT GeTOHAa w YacTeH 
arperaTa H NOBBIIeHHOe NpPOTHB CTaTHYeCKOFO TaBJIeHHe BOJbI 


Qur = Q1 + Q2 — Py — P; + Pa, (IV.17) 


re P,— ycusve OT NaBJeHHA BOJLI Ha NOTOJOK cnupanbHol KaMepHI; 

P, — ycHuIMe OT WaBeHHA BOJLI Ha KOJIbIIEBYIO NOBepXHOCTD, paciiowo- 
*KCHHYIO MEXKAY BXOTHOH KPOMKOM KoOHHEI (D,) 4H OKPy2KHOCTbIO 
pacnlOOKeHHA MONATOK HallpaBAsiowmero anmapata (D,); 

P, — yCHJIHe OT LaBJIeHHA BODHI, JefcTBy!oulero BHYTpH HallpaBJAoWlero 
almlapata (sto ycusue Gepetca 3HaKOM ++, TaK KaK BHYTPH Hampas- 
AMIOWETO allapata Mocie ObleTporo 3akpbITHA ero GyeT paspexe- 
HHe H yCHJiHe OyeT HallpaBaAeHO BHH3). : 
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Ycusne P, OT JaBeHHA BOLI Ha NOTONOK CHUPaAbHOH KaMepbI NpH cOpoce 
Harpy3KH, MepeaBaeMoe KOJIOHHE CTaTOpa, NOACHHTHIBaeTCA AHAMOFHIHO Cily- 
4YaiO HOPMAaJIbHOH padorTsl [10 dopmysie (1V.12)] : 


Py=—(2a+C)hps, — (EV.18) 
rae Ps — HaBeHve Ha MOTOOK CIMpabHOH KaMephl, 
AH \_ 
P3 = yH (1 +4). 


Snecb AH —nosppuuenue Hanopa B CIHpadbHOH KaMepe 3a CueT rHuspaBH4e- 


cKoro yapa npH ObICTPOM 3aKPbITHH HanpaBAAoMero alllapata. 
CnelopaTerbHo, 


Py= + (2a+0)(1 +4) hH. (IV.19) 


Ycuanve P, Ha KOMbIeEBy!IO NOBEPXHOCTh MeXKAy cCTaTOPOM HW HallpaB.JAIOULHM 
alimapaTom, TePenapaenoe KOMOHHE CTaTOpa, NMOACYMTHIBaeTCA 110 cbopMyuie 


: AH 
8 Pe * (D2 — PO) 369° HJ Py = ie (Da —Di) (1 —F) H. 


360° 4-360 HT 


(TV.20) 


Yeuaue P, oT RaBleHua (paspexenus) BOJIbI BHYTpH HanpaBJIaioulero ania- 
pata, llepeqaBaemMoe Ha KOJIOHHY craropa. pees 


Po=pzDi-ggr, —————s(IV.21) 


rye Pp, — paspexeHHe 3a HallpaBJIAIOUHM alllapaTOoM pu e6poce Harpy3kH, 
OObIWHO IpHHuMaroT p = 1 KI/cm?. 

Tlogcauras Harpysky Ha KOJOHHE Qy, Qy H Qi WIA Tpex culyyaesB pa6orn, 
MO2XKHO BbIOpaTb MaTepHadl HW HeOOXOJMMYIO NAOMalb CeYeHHA KOJOHH WK AA 
MPHHATHIX TOWakeH KOJIOHH ONpeesIuTb HallpaAxeHHe CKaTHA WIM pac- 
TA.KEHHA. | 

KoJOHHBI cTaTopa, HaxofamMeca no elicTBHeM CKHMAIONLUX Harpys0ox, 
cuileqyeT IIpOBepAT Ha YCTOHYHBOCTh IPH MPOAOMbHOM H3rHOe. 

IIpopepky Ha yCTOHYHBOCTh MpOH3BOAAT He JIA BCeX KOJIOHH, a TOJIbKO 
JIA KOJIOHH C HaHOOVJIbILIMM Hallps2KeHHeM CKATHA H C HAMMCHDINIMM Toneper- 
HbIM CeYeHHeM. 


Jia pacueTa Ha yCTOHYHBOCTb OnpeweiAloT HallpsAxKeHHe C y4eTOM Ipo- 
HOMbHOTO H3rHba 


— & IV.22 
0 = OF ? ( ° ) 
rye Q — Harpy3Ka Ha KOJIOHHY; 
F — yJaomlaib NOMepeyHoro cCeyeHHA KOJIOHHBI; 
(~ — KOsPDHWHEHT YMeHbIICHHA MOMycKaeMOro HallpAKeHHA. 
Kosppuunent @ 3aBHCHT OT MaTepHasia HM rHuO6KocTu A 


— bt / (IV.23) 


L 


rye  — KOs@DHIvHeHT JJIMHbI; 
{ — ]IHHa KOJIOHHEI; 
1 — MHHHMAJIbHBIM paguye HHepILHH KOJIOHHBI 


. ee a 7 
i-V5, (IV..23) 


rye J — MHHHMaJIbHbIA MOMCHT HHeEpIMH ceyeHHA. 
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Ta6munma IV.2 
Snayenne. Koo@unHeHTa | B 3aBHCHMOCTH OT rH6KocTH 


























| 0 10 20 30 40 50 60 70 80 90 
p 1,0 | 0,98 | 0,95 | 0,92 | 0,89 | 0,86 | 0,82 | 0,76 | 0,70 0,62 
AJA cTaJv : 
(Cr.5; 30JI) 





no. | 120 | 130 | 140 





50 | 160 | 170 | 180 | 190 200 





@ | 0,51 | 0,43 | 0,37 | 0,33 | 0,29 | 0,26 | 0,23 | 0,21 | 0,19 | 0,17 | 0,16 
WIA cTaJHu 
(Cr.5; 30J1) 


B ta6a1. 1V.2 mpHBegzeHbI 3HaAYeCHHA KORXPDUWLHEHTA | WIA CTA B 3aBHCH- 
MOCTH OT rH6KocTH A. Sra Ta6sHla 3AaHMCTBOBaHa M3 KHUrH (4). 

B cayaae MpHMeHeHHA CTaTOpa B BHJe OTACIbHbIX KOJIOHH HeOOXOHMO 
NOWatb HHKHETO H BepXHero *aHWeB KOJIOHH BLIOHPaTb C yYeTOM JOMYCTH- 
MOTO JlaBJIGHHA MexKAY HHMH OeTOHOM, ¢ a TaKKe IIPOH3BeECTH pacueT PyHAa- 
MEHTHDIX OOJITOB. 


5. PACHET HA HPOUHOCTbh CIMPAJbHOA KAMEPbI HH CTATOPA 


Pacuer Ha NpOuwHocTh CnHpaJIbHOH KaMepbI paHee B OCHOBHOM IIPOBOJHJICA 
0 MeTOAHKe, npewwiowkenHoH A. E. /Kmygem [23]. Meranmmueckaa cnupaibHaa 
KaMepa pacCC4UHTbIBalacbh Ha BHYTpeHHee AaBsIeHHe BOLI. Onpelemasmucb 
HallpAxKeHHA OT WaBeHuA B OOOMOUKe (MeMOpaHHble HallpAKeHHA pacTsxKe- 
HHA), HAaNpAKCHHA B MCCTAX CONPAXKCHHA JIMCTa CO CTaTOPOM H B MeCTax CTbIKa 
B MC€PHAMOHaIbHOM CeYeHHH JIMCTOB pa3JIM4HOL TOJIMHHEI. Kpome Toro, 
KOJIbIa CTaTOpa, K KOTOPOMY TIPHKpeliAslacb CIHpaJb, CUHMTAJIH a6coloTHO 
2KECTKHMH, YTO HE COOTBETCTBYECT JCHCTBHTCJIbHbIM YCJIOBHAM, TaK Kak yiipy- 
rue llepeMellleHHA BepXHero KOJIbILa CTATOPa B HEKOTOPHIX CJLY4aAX MOFyT ObITb 
HACTOJIbKO CYINeCCTBCHHbIMH, UTO OHH BbIZOBYT JONOJIHHTeCIbHbIe HallpsAKeHHA 
B CiHpaJIbHOH KaMmepe. 

B cpa3u c 3TuM B. C. Tloctoes u B. HW. Muxees [75] npeaqnomunu yrouneu- 
HbIM MeTOX pacueTa CIHpaJibHOH KaMePpbl, YUHTIBAaIOIHH BAHAHHE JedopMa- 
UHH KOJIbia CTaTOpa Ha HallpAKeHHOe COCTOAHHE B 3aselKe CiupaH. 

¥Y Ka3aHHble MeTOAL pacueTa NOApOOHO H3J10%KeHbI B NeEPBOM H3aHHH MOHO- 
rpapun «l YApoTypOuHp. 

Hue u3araeTcA COBPeMCHHbIM MeTOZ pacueTa 3JIEMeHTOB CTaTOpa H CIIH- 
PaJIbHbIX KaMep, CO3JaHHbId NO, pykoBogcTBom B. C. Ilocroepa, Ha ocHoBe 
KOMIIJIEKCHBIX TCOPeTHYeECKHX H 9KCHEPHMEHTAJIbHbIX HCCeETOBaHHH, MpoBo- 
JHBUIMXCA B TocsJeqHHe roun B LILKTM B cBa3H Cc CO32qaHHEM MOILHbIX THApo- 
Typ6uH (KpacuoapckoH, Hypekckoi u Op.). STH HCCeqOBaHHA NoOKa3aiH, 
GTO IIPH NOBbILCHHH Halopa HM MOILHOCTH MeTAaJIIH4eCKHe CIHPaJIbHble KaMepbI 
B OOBIMHOM HCNOJIHCHHH He MOFyT yJOBJIETBOPATb YCJIOBHAM MPOUHOCTH UH Ha- 
J@*KHOCTH CO32aBaeMbix TYPOHH. 

CraTop H CIHpaJibHad KaMepa MpeAcTaBsAlOoT COOOH KOHCTPYKILHIO, COCTOA- 
UlyiO H3 TpeX CONPAXKeHHHIX 3JIEMCHTOB — KOJIOHHbI, KOJIbILa H OOOOUKH, 
HaXOJAUIHXCA MOA BO3JCHCTBHEM BeCOBLIX H YHApPOcTaTHYeCKHX Harpy3oKk. 

XapaktTep HallpAXeHHOTO COCTOAHHA B TAKOH CTaTHYeCKH HeonpeseHMOn 
KOHCTPYKUHH 3aBHCHT OT COOTHOLICHHA XKeECTKOCTeH ee 3JIEMCHTOB H Mapa- 
MeTPOB COMpsAxKeHHA. 
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B cyllecTByIOWWHWX KOHCTPYKUHAX KOJIOHHA CTaTOpa HCIIbITbIBaeT OCeBOe 
pacTa»KeHwe H HM3rH6 c KOHWeHTpanneH HanpaAxKeHHH B 30HeE COnpsAxKeHHA 
C KOJIbIIOM cTaTopa. B kobe CTaTOpa HOMHMO OCHOBHBbIX paCcTArHBaloulux 
HallpAxKeHHH HW H3rHOHbIX OT CKPy4HBaHHA KOJbiLa MOTYT BOSHHKHYTb MECT- 
Hble HallpsA2xKeHHA H3rHOa B 30He CONPAKeHHA KO3bIPbKa CTaTopa c OOON0UKOH. 
B. o6o0uKe CIHpalbHOH KAaMepbI BO3HHKAaWT Oe3MOMeHTHBIe HallpAKeHHA, 
HallpAKeHHA KpaeBoro sdekTa B 3OHE COMNPAKeHHA C KOMbIIOM cTaTOpa, 
HallpAXKCHHA KOHICHTPallun B OOaCTH KOJIOHH cTaTopa u ClydaHHble Hanps- 
*KCHHA BCMeEACTBHE TEXHOJIOTHYeECKHX OTKJIOHCHHH: OT 3a{aHHoro ouepTaHHna 

ceyeHHA OOOJOUKH. 
PacuetaMv HW JaHHbIMH HcnBITaHHiit Ha pas- 
, JIMMHBIX MOJCJIAX MeTAIM4eCKHX CNHPaJIbHbIx 
KaMmep ObIIO NOKa3aHO, 4YTO CyMMapHble Hanps- 
%KCHHA B KOJOHHE, KOJIbIe o6o104Ke MOryT 






Puc. IV.20. Pacuernaa cxema cta- 
TOPa H CHHPasbHOH KaMepb: 


i— o6on01Ka; 2 — KOABILO; 3 — KO- 
. JOHHA 


OCTHTaTb TaKHX BeJIMYHH, MPH KOTOPHIX OOecneyeHve YCOBHA MpOuHOCTH 
cTaTopa H CNHpaJIbHOH KaMepbl BO3MOXKHO TOJbKO MpH OMOJHHTeIbHOM 
y2KECTOUCHHH ee 3JIEMCHTOB (opeOpeHue, OaHaxKHpoBaHHe O6OJIOUKH) HH 
pH HCHOIb3OBaHHH BbICOKONPOUHIX CTaJleH, a TakxKe NpH mepeaye yacTu 
Harpy3KH Ha OOK arperarTa. — 

PacueTHan cxema cTaTopa H cnupanbHod KamMepbI ruyapotypOnHn. I[ipu 
HCC€MOBaHHH HallpAKeHHOrO COCTOAHHA CNHPadbHOH KaMepHI rHApoTypOHHbl 
Wemecoo6pa3HO IpHMeHeHHe 4YHCeEHHOrO MeTOa pacueTa C peaslus3allvel pa3- 
paOoTaHHoro aJlropuTmMa pewienHa Ha DUBM «Ypau-2». 

Bo3MO2KHOCTb pHMeHeHHA SUBM nosB01H1a B OTIMUHe OT CYILeECTBYIOINX 
aHaJIMTH4ecKHX pemeHHh [76, 80, 81] ycoBepmieHcTBoBaTbh Kak pacueTHYI0 
CX€MY KOHCTPyKIUHH, TaK H CaM MeTO pacueTa, B KOTOPOM paccMaTpHBaeTCA 
Ooee OOMINH CyWaH HalpAxXeHHOrO COCTOAHHA C y4eTOM BCeX CYMLECTBYIOMNLHX 
CBA3€H Me@XKyY 3JIEMeCHTaMH CTATOPHOrO y3Jla. OKa3asiocb BO3MO2KHbIM Gosee 
cTporo MOCTaBHTb H PelIHTb 3afady CHMMeTPH4HOM AepopMaluun waCcTH4HO 
opeOpeHHoH TopooOpa3sHoH OOO0UKH, MpHueM 3a HCXONHbIe pasperlaronjue 
ypaBHeHHA ObLIH NpHHATHI OOmHe ypaBHeHusa TeopHHn OpeOpeHHBIX OO6oI0UeK. 

PacuerHad CxeMa CTaTopa MW CNMpaJIbHOH KaMepbl 10Ka3aHa Ha puc. IV.20. 
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Kak H B CYIMeECTBYIOUMMX CX€MAX PacteTa, pacCMaTPHBaeTcA OCECHMMETPH4- 
Had 3ayava JA TOpoob6pa3sHokh OGOMOUKH, NOAKpelMeHHOH OKOMOCTATOPHBIMH 
pe6pamMu HW COMNpHAraeMoH C KOJIBILOM CTaTOpa TIpH BO3AeHCTBHH BHYTpeHHero 
rHApocTaTHyecKkoro AaBJieHuA. 

PacueTHad CXeMa KOHCTPYKUHH CiMpasu co cTaTOpoM pescTaBAaeT coboK 
CTATHUCCKH HEOMpeeJIMMY!IO CHCTEMY, COCTOAILYIO H3 TpeX B3A€M4MHO CBA3AHHbIX 
3JIEMCHTOB — OOOJIOUKH CIHpaiH B BHe TOpa, KObWa H KOJIOHHbI. CreneHb 
CTaTHY4eCKOH HeOMpeNeHMOCTH OyNeT OMPeAeJATLCA YETLIPbDMA HEH3BeECTHLIMH 
YCHMHAMH X,, Xe, Xs, Xq M@XKAY KOMOHHOH HM KOJIbILOM H JBYMA yCHJIMAMH 
Xe, X7 M@KTY KOMbILOM H OGO0UKON. 

Cyapurarollee ycuune X, B O6010%UKe NO AHHHH COMpAXKeHHA C KOJIDILOM 
CBA3aHO C ycHiHem X, ypaBHeHHeM CTaTHKH paBHOBeCHA KOvIbILa. PacTaruBato- 
lee KOJIOHHY yCHJIHe X, HeMOCpeACTBeEHHO OlpeweAeTcA H3 ypaBHeHHA CTa- 
THKH KOJIbIla. [Takum o6pasom, paccMaTpHBaeMad CHCTeMa ABIAeTCA 6 pas 
CTaTH4UeCKH HeEONpeAeCMHMOH TPH HaJIH4YHH pellleHHH IA KOJbILa, KOJIOHHbI U 
o6o0UKH, NOAKpenlseHHonH pe6pamu. 

Ilo o6TeKkaeMoH MNOBepXHOCTH KOJIbIla CTaTOpa AeHcTByeT ruApocraTHyeckoe 
apleHHe p, paBHoweHcTBylowue KoToporo P, u P, ompezenaioTca no dop- 
MyJIaM, KOTOpbIe 6GyyT NpHBeweHbI HAWKE. | 

TlosoxuTreibHoe HanpaBleHHe yCHJIMH WM MepeMelleHHH 3JIEMeHTOB cTAaTOp- 
HOrO y3la IIpHHHMaeTCA TaKHM, KaK NoKa3aHO Ha puce. IV.20. Heo6xogzumpie 
ypaBHeHHA JWIA ONpeeeCHHA HEH3BECTHBIX YCHJIHH, HevcTBYy!OUux B cTaTOp- 
HOM y3le, MOryT OLITh NOJYUeHbI H3 CHEAYIONLUX yYCIOBHH COBMeCTHOCTH Tepe- 
MelILeHHH. 

I. Konbuo—xkovslonna 


B; +0;= 9; (1) 
Pha IV.24 
E, + An + 0:4, = 0; (3) | ( 24) 
E, + v= 0. (4) } 
II. Koapuro—o6o.u10"ka | 
6, +v=0; (5) 
: IV.25 
An —0; (Ie — Ye) + Ae = 0. (6) ee) 
Ill. YpaBHenne craTHKH KOJIbIa 
Mo=0; —*ra 2X, <= 0; 7 | 
> Mo roX4 + HX (7) (IV.26) 


Yy=0; —f 9X5 -b Tir sin 0, + Pyry = 0. (8) 


B ypaBpuenuax (1V.26) x, H x,—pacnpefeneHHbie ycHHA 10 Ayre KOJIbILa 
cTaTopa, KOTOpPbIe CTaTH4¥eCKH 3KBHBaJICHTHbI COCPeNOTOUCHHbIM YCHJIMAM 
X, 4 X,. B mocmexytonulem BMeCTO cocpesxoTo¥eHHOoro ycuuA X; BO BCeXx 
ypaBHeHHax OyyeT BBeMeHO pacnpeeneHHoe ycHAHe x;. 

Ji1a OTbICKaHHA HeEH3BECTHHIX ycHAHH X; ypaBHeHua (1V.24) qomKHbI Our 
pacnucaHbl B yCHJIMAX C BBeeCHHeM KosdbUILHeHTOR NOLATUBOCTH KOVIbILA, 
KOJIOHHBI HW OGOIOUKH. Tak KaK CIHpaJIbHble KaMepbl THAPOTYPOHH MOLyT HMETb 
pasJIHUHbIe YCJIOBHA CBA3SH C GOeTOHHbIM ONOKOM arperatTa, pekOoMeHyyeTca 
B KaXKJOM KOHKPeTHOM CJly4ae MpHHHMaTb CJleAyIOulve pacueTHbie CXeMHI. 

1. HwKHee KOJbIIO CTaTOpa 2KeCTKO 3ae1aHo B PyHTaMeHnT O10Ka, BepxHee 
KOJIbILO yIIpyro CBA3aHO C BepXHel 4acTbIO -KeezoOeTOHHOrO G6y10Ka, a O60- 
mouka oTJeleHa OT O10Ka. 

IIpuH Takux yCIOBHAX TIPOeKTHPYIOTCA CHHPAaJIbHbIe KAMePbI JIA MOLJHEIX 
ruiporyp6nn. B stom ciryyae HM2KHee CeYeHHE KOJIOHHBI CUHTAeTCA 3ayeJlaH- 
HbIM, BepXHee KOJIbIIO YUpyro CBA3aHO C KOJIOHHaMH HW OOO0"KOH. B HacToa- 
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nee BPeMA He CyMLECTByeT METOAHKH pacueta, YYHTHIBAIOILeH BIIMAHHE Kere30- 
OeToHa Ha CKPpy4HBaHHve HW payHaJIbHOe CMeLeHHe BePXHEFO KOJIbIa, MOSTOMY 
OHO He y4HTbIBaeTCA, TO HET B 3allacC MPOWHOCTH KOHCTPYyKIUHH. 

OyHako cCuHTaeTCA, 4YTO 2XWenezsoOeTOH MpPeNATCTByeT TAHFeHIMaJIbHOMY 
CMeIIeCHHIO KOJIbIla BOKpyr OCH arperaTa. SHaUHT B ypaBHeHHax (1V.24) cae- 
AyeT MONOKUTh v = 0. 

2. Hwkuee KOJIbILO CTaTOpa 2KeCTKO 3aeNaHO B GeETOH, a BEPXHEe KOJIbIIO 
H OOo04Ka CHHpaJIH JO rOpH30HTaIbHOrO WHaMeTpa He HMEET CBA3H C OCTOHOM 
(OJIYOTKpbITaA CHpadibHaA KaMepa). OTHM YCJIOBHAM NOJIHOCTbIO OTBeUAIOT 
ypaBueuna (IV.24). 

3. Cratop H cCiiipambHadA KaMepa He HMeCIOT CBA3H C *KesesoOeTOHOM. Ta- 
KHM YCJIOBHAM OTBeYAIOT HCIIbITAHHA HaTyYPHbIX cnuHpaseH mH60 mab6opaTop- 
Hbie HCMbITAaHHA MOAeNeH MeTaIJIHYeCKHX CIHPaJIbHbIxX KamMep. B 9ToM cury4ae, 
nojlarad, 4TO BepxHee H HHKHee CeYeHHA KOJIOHHbl HAXOZATCA B OMMHAKOBbIX 
YCJIOBHAX (CHMMCTPHYHOe HallpAxKeHHOe COCTOAHHe), MOTyIM 


X3 = Xe =X, = 0. 


Torga u3 cucrempl ([V.24) BiimanayT ypaBHenua (3) u (4). PacuerHan cxema 
B 9TOM Cjyuae HMeeT MEHbIMee KOJHYCCTBO HeEH3BeECTHbIX YCHJIHH. 

YpaBHeHua WIA ONpeseseHHA HeH3BECTHLIX YCHIHH B 9IeMeHTaX CTaTOp- 
Horo y3ia. BpipasuM mepemellleHuA, BXOAAUIMe B ypaBHeHHa (IV.24), Mepes 
OTbICKHBaeMbIe YCHJIHA. 

1. Tlepememenus KOJIOHHbI cTaTOpa, HaXOAeHcA. B YCMOBHAX Kocoro 
u3rH6a c 3aeKOH NO HH2KHeEMY CeYeHHIO, 4TO CooTBeTcTByeT I u 2-H pac- 
UeTHbIM CXe€MaM, OyyT paBHHI: 


2 7} 
By, = a (Fey1%y + RyoX%_ + Rygtg + Ry4Xa); 
on 
8, = Ea (RorX + RooXy + Rogts + RoaXa); 
2 | 
En = OO (Raiky + Raate + asx + kaaXs)s | (IV.27) 
) 











5 | 
c.= " (RayXy + RagXz + Ragts + RagXa); 


2Iro 
&, = A Rs5X5. 
K 





3necb BBeJeHO | 
x, = aks. (IV.28) 


20g ° 
Nl, —- UMCHO KONOHH cTaTopa; 
ro — paluyc Ayru, Mpoxosaujel yepes WeHTpbI TA2KECTH KOJOHH; 
k;j — KoxpPulveHTh NOLaTAMBOCTH KOJIOHHEI OT EMMHHYHEIX BOSTelcTBUN, 
KOTOpble ONpeeAIOTCH MO CAeLyIOULMM @opMy.laM, BbIBeCHHbIM 
43 TeopHu Kocoro usru6a [4]: 


_ 1 fcos*@ — sin?@\. _ t, I l } 
kn = = (S*-*); kn = oy sin 2p(7-+-), 











2 1m 2 2 
—— oF (2 + a2) ky = + sin 29 (-—-—); 
- 1 I —  f cos? @ sin? @ 
Roe = ae sin 29 (+ — Jx ); Ry = QE ( Jy + Jx ); 





dx Jy 

_ & si Pp cos? P\. _ ft. 

Raa — 3F ( Jx -+- Jy ) ; Rss —_ EF? 
l sin? cos? 

Roe = > (2 + —) . 


b 

p cos? sin? | [3 1] 1 
hes = (& cost a): Ras = SE = sin 2 (+ — ~--); 
E ) 


Tx Ty 
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B 3THx: dopmysax | - | 
@ — yrou HakJIOHa  KOJOHHbI (sanannas BeJIHUHHa) (puc. IV.21); 
J.» Jy — MOMeHTbI HHEPIHH CeYeHHA KOJIOHHbI OTHOCHTEIbHO ocel x, Y, 
KOTOpble OlpeeIAIOTCA UHCJIEHHO NO COCTaBAeHHOH Mporpamme; 
E — mMoaqyab yupyrocru MatTepua.ia; 
{ — ]\IMHa KOJIOHHHEI. 


CorjiacHo TeopemMe B3aHMHOCTeH KOSDHILHeHTOB noxaTamMBocrH, 
Res = Rego; Roy = Rye Ryp= Rais Rgg = Rag. . 

FEcaAH paccuHTbipaeTCA KOHCTPyYKUHA, B KOTOPOH BepxHee H HW KHEE Ceue- 
HUA HaXOMATCA NPHMePHO B OMMHAKOBBIX YCOBHAX, T. €. KOra KOJOHHA HCIbI- 
TbIBaeT TOJIbKO YHCTHIA H3rHO (3-8 pacueTHad 
cxema), KOSdpHUMeHTLI NOMaTHBOCTH OMpe- 
nensiotca 10 opmynam (IV.29). TospxKo 
B 3TH QMOPMYJIbI ClesyeT BBOAUTb BMECTO 1 


IipHBeeHHY!O WIHHY KONOHHEI J, = 1/2. 
2. [lepememjenuaA Kombila craTopa 


Op = Ay Xy + Ay X3 + Ay PyX— — 
— 4104 (Aig — Yo) Xy — 1M; ([V.30) 
An = Qg3X3 + Ag30yX7 — A3gQ a, | 


THE ayy H agg — - KOSPPULHENTHL nOWaTJIHBO- 


CTH KOJIbila, 
2 9 
‘9 ro 
i= Elin? a33 = EF,’ (1V.31) 





Puc.1V.21. Buyrpennve ychnuaBM0- 9, = —_f ___orpocuTebHblii pa3Mep; 
NepeyHOM ceyeHHu KOJIOHHEI cTaTopa FQ 


J exy y— MOMCHT HHEPIMH H MsOLayb 
ceueHHa KOJbila. OTH BeMHYIMHI OMpeAeAIOTCH UYHCJICHHO; 
M,u Q, — UpuBeneHHble K KOJbIy. ycuuA (pue. [V.22): 


Mo = —lVv (ry — ro) fy + Py(ry — ro) rv + Pa (ro — fa) — 
— Hryhy — P ishzopfeop |; | (IV.32) 
Qu = ——(Hra—Puteop)s (IV.33) 


re fy HW op — KOHCTPYKTUBHBIe pa3sMepbl ocH Kosbia (puc. IV.22); 

Py u P;, — cocTraBAsioulMe paBHOXeHcTBylOlWleH MOMHOTO rHyzpocta- 
THY¥eCKOTO JaBAeCHHA Ha o6TeKaemoni MOBEpXHOCTH KOJbILa 
cTaTopa; 

V u A — BepTukalbHadA WH YToOpH30HTaibHaa cCocTaBsAIoOUlHe Oe3Mo- 
MEHTHOTO yCHJIHA B OOOM0UKe y 3aeKH B CTAaTOp: 


V=Tisin0,; H = T?cos0,; (IV.34) 


7} — PR | 2—a sin 0 | -(IV.35) 
2 1—a sin 0, | 
Snecb 0, — yron 3alenkH O6O10UKH B CTaTOp; 
p — 3afanHoe rHuApoctaTuyeckoe JaBseHHe; 
a= < — 3KCIEHTPHCHTeT TOpa; | 
a — payuyc ocH Topa. 
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Panuyc TOUKH TNIpHoKeHnA Tn BepTHKaJIbHOHK cocTaBJiaiomeh Vu mew hy, 
rOpusOHTabHOH cocraBsisiomeH HH onpeyenaioTca m0: cbopmy.ram: | 


r= ta —(2+-5) sin 0,; 


hig = (Ax — Yc) + (zo + +) cos 8, 


rie y, — OpHHHaTa HeHTpaJIbHOK OCH KOVJIbILA; 
Zo. — HyeBaA AHHHA pobuin opeOpenHow o6on04UKH, 


2) = —— ee (IV.36) 
2p (He. + 6 yo a ! 
| p 1—p? 
3necb h, — HeHcTBUTeIbHaA BbICOTa pedpa; 
: hap = = h, + 6 — Bbicota NpopHusA; 
i, — paccrosHHe MexKILy peopamn; 


Wu — KoasctppulveHt Ilyaccona; 
b — TommAHa peOpa. - 


Va 
ro 


ae Heumpanonaa ac HONGUA 





AYA 
"oan Aa 
__ 


p, J 


- Xs a 
Puce. IV.22. Cxema conpaxeHHaA cTaTOpHOrO KOsIbila c O60N0"KOH 


BesIM4HHbI 3THX YCHAHH WH TOUKH HX IpHowKeHHA onpegenmiores mo cje- 
AYIOWIMM TIpH6OJIH2xKeHHBIM (POpMy.1aM: 


Py = P(e Te) 


: > 
2ry 


2 4 ryte +) 
a 3 (rH + Fe) - ? 


re 
| p +r 
py = 2+) te B; 


r 2h ala +1) 
op 8 (tat ra)” 
rie 13; Ty; (¢ — KOHCTPyKTHMBHbIe pa3MepbI KObula (puc. IV.22). 


IIpakTuyecKu 9Ta Harpy3Ka He BJIMAeT CyUleCTBeHHO Ha BesHUnHyY My; S5THM 


wWIeHOM B dopmyse (1V.32) npeneoperaem, 4TO HeT B 3amac NpOuHOCTH. 
3. [lepememenve o60/104KH. 
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IlepememteHua ConpsAxeHHOrO KpaAv OOOJIOUKH MOTryT ObITh 3aNHcaHbl yepes3 
KOSPDHUHEHTHI NOAATAHBOCTH B TOH Ke KAHOHHYECKOH MopMe, Kak 3TO CheaHo 
JAA KOJIOHHbI H KOJIbIMa: 


B= CogxXe + CopX33 
Ay = Crk + CapX_ + Acp’ : (IV .37) 


v= Cea0;,X4- - 
3necb C;; — KOSPPHUHEHTH! NOLATIMBOCTH CONpAxKeHHOTO Kpan peOpucton 
| O6OJIOUKH; 
Ayo — TOPH30HTasbHOe cCMellieHHe KpaxH O6O704UKH B Harpy304UHOM 
O€3MOMEHTHOM COCTOAHHH. 

Jlo cHxX nop HaHOoslee TPpyAOeMKOH YaCTbIO pacueTa ABMANOCb aHaJIHTHYe- 
cKoe onpefeneHHe KOsdDHIMEHTOB NOMaTIMBOCTH KpanA OOoNOUKH. B pa- 
6ote [76] acuMnTOTHYeCKHMH MeTOJaMH Obivla pewieHa 3afa4a JIA OCeCHMMe- 
TPHUHOK AePopMallHH OOOMOUKH BpallleHHA WH B 3aMKHYTOM aHaJHTH4eCKOM 
Bue Obl NONYYeHHI POPMYJbI DIA KospDuWHeHTOB NosaTAMBOocTH. Llomy4ex- 
Hoe peWleHHe HCHOIb30BaOCb AIA pacueTa CNupasbHbIX KaMep THApoTypOuH. 
OnHako TakOH MYTb pellieHHA OKa3aJICA TPOMO3AKHM, TPYAOCMKHM, TpeOyro- 
IMHM BbINOJIHEHHA OOMbLIOTO KOJIM4eCTBa BHIUHCAIEHHH, KOTOPble, Kak NpaBHuo, 
CONPOBOKMaloTca CAyYIaHHbIMH OWWHOKaMH H ONewaTKaMH. C Apyrou CTOpOHHt, 
MOJYYeHHOR PelWleHHe HE aeT OLEHKH NOrpewiIHOCTeH pellleHHA, KOTOPaA MOXKeT 
OKa3aTbCA CYIeECTBEHHOH JIA OOOOUeK, CHAO KeHHHIX AOCTATOUHO *KECTKHMH 
peOpamu. 

B cBpa3H c 9sTHM B LKTH napasisienbHO C paspa6oTKOH aHawuTHYecKOoro 
MeTOa pa3spaOaTHIBaica [33] uHcneHHBIH MeTOR pacueTa opebpeHHHIx O6OJ- 
ueK BpallleHHA, JIA KOTOPbIX B KaveCTBe HCXOJHDIX pa3spelllalollHX ypaBHeHH 
NPUHUMaUCb TOUHbIe ypaBHeHHA TeOpHH peOpHcTbIx OOoN0UeK TO CXeMe KOH- 
CTPYKTHBHOH aHH30TPONMAH. 

Hwoke Jaerca KpaTKoe H3JIOKeHHE YHCJIEHHOTO MeToya pacueta, KOTOpbIii 
peasusyetca Ha DUBM «Ypau-2». 

UnceHHbIH MeTOL ONpeleteHHA yCHJHH H nepememenuit B opeOpeHHbIx 
o0004Kax BpalleHHaA NpH CHMMeTPHYHbIX Jedopmannax. [Ipu ucnomb30BaHHu 
WaHHoro MeTOa pacueTa 3a HCXOJHbIe ypaBHeHHA MpHHHMAaIOT CJeyIoulHe. 

1. YpaBHeHHA CTaTHKH JIA CHMMeETPHUHO WemopMUpyemMblx OOO104eK Bpa- 
IeHHA: 














1 dT, | cos 8 1 
Rd A, — Fa) RE wy 
4 08 8 NV 1 1 
Rae “ 4. == ven, —Gni } (IV.38) 
1 dM os 8 
a +-— — (My — M,)—N=0. 


3hecb B KayecTBe riaBHOH «puboauueiuot KOOP AHHaTbI CpeqHHHOH TOBepx- 
HOCTH B3AT yroa 0, O6pa3yeMbIH HOPMaJIbiO K cpeqHHHOn MOBEpXHOCTH H OCbIO 
OOOJIOUKH. 

B ypasyennax (1V.38) ycuna HMeIOT o6o3HayeHua, aHaJOrHuHble o603Ha- 
4YeHHAM B MOHOrpaduu [67]. 

2. YpaBHeHHe Hepa3pHIBHOCTH AebopMalHn 


As . dé. a (€2— &) cos 8 + %sin 0 = Q, (IV.39) 








Rd 


rae A, — Koapdbumvent JIame (payuyc HapaseAbHOTO Kpyra); 
&5 H &,; — OTHOCHTEJIbHbIe€ yWJIHHeHHA. 
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3. CooTHomeHua yipyroctu. PaccmaTpuBaeTca o6o/l0uKa, NoAKpenmeHHan 
TOJIbKO HECHMMETPH4UHBIMH (OTHOCHTEIbHO CpeAHHHOHK NOBEPXHOCTH O60104KH) 
peOpamu: 


T= = Byey + pBe, + Ox: 
T, = B(e, + es); 
G, = Dyn, + pDx, + @e,; 














— (IV.40) 
Gs = D (%. + Hoa) 
1 | 
S=B— 0, 
rae 
— lap? — 12(1—p?)? a ’ 
D,= =D+—2; MD — oee 
: p 
Secb F, — nuoulaib nonepeyHoro ceyeHHa pedpa; 
tt — MOMeHT HHeplHH Tonmepeyworo ceveHuaA peOpa OTHOCHTe/IBHO 
OCH, MpOxoyAmlehH ywepe3s CpeqHHHY!O NOBePXHOCTb OOLIHBKH; 
S, — cTaTHueCKHH MOMeHT ceyeHHA pedpa; | 
i, — paccTOAHHe Mexky peOpamu. 


Usrvousie epopMallHH %, HW %_ CBA3aHbI C yrioM MoBopota O cooTHOLe- 
HHAMH: | 

dd 
R dd 





Ho ty = 0 2088, (IV.41) 


ny — As 


C nomotbo cooTHouennit (IV.40) u (IV.41) orHocntesmbHble AebopMalluu MOryT 

ObITb BbIPaxKeHbl Yepe3s ycuuuA T, HT, 4 yrou noBopota ceyeHuaA OOOMOUKH VB. 
4. TaHreniivaibHoe mepemeilieHve v B oOoouKe, HaxO,AuleHcA B yCJO- 

BHAX YMCTOTO CABHra, OyeT ONPEHE HATCH mo dbopmyuie: | 


y= 2 (1 avtye 003 | &- or + p£, (IV.42) 


rye S° — 6e3MOMeHTHOe CBHTarollee ycuHe; 
O =f 6espa3MepHbIii nMapamerp (a — xXapakTepHbii pa3mMep o60- 


JOUKH; 9 — pakuyc MapaswenbHOoro Kpyra); 
Oo — paawuyc NapammenbHoro Kpyra mpnH 8 = Qo; 
9 — TaHreHIMasbHoe nepeMeuleHHe OOOOUKH KaK TBeEpAOLO IesIOLo Teva. 
Hua Topoo6pasHok O6ONOUKH IPH yCAOBHH aOcOMOTHOH 2%KeCTKOH 3ae KH 
HW2KHeETO Kpan B 3a6€TOHHPOBaHHOe CTaTOPHOe KOMbIO TlepeMelleHHe KPpOMKH 
o6OI0UKH MO JIMHHH CONMpAKeHHA C BePXHHM KOJIbILIOM CTaTOpa, COTaCcHO 
(I1V.42), Oyner onmpenenaTbca mo cbopmysie 


| +6, 
| 2(1+p)R d0 
Uy = — SE * (1 — asin 8é,)? S, ————---——_ 
° E6 (! c)" J (1 + & sin 6)3 , 
rye S, — capuraioulee ycusrwe B ceyeHuH 0 = —QO,. 
Oo. PanqwasbHoe cmMeuieHHe OOo04KH A, CBA3aHO C €, COOTHOMICHHeEM 
A, — A o€5. (1V.43) 
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Ilepsbie 18a ypaBHeHHa cucTeMpl (1V.38) Tox aecTBeEHHO YAOB/IeETBOp AIOTCA, 
ecw ycunna T,, T, 4 N BplpasuTb wepes PYHKIHH B CeEXYIOILeM BHJe: 


N = S108 me Vv; T= cost —V + F, (0); 








1 aF 4.0) (IV .44) 
— |, J) ; 
PT, = Ro a + ae Ri + Fy (8) + a. | 
Snecb F, (6) onpezensiotca spe BHelWIHHe Harpy3KH 0 bopmy.ne 
P 
Fi Q=> a [a (9, cos 8, — % Sin 6) R, dd +>], 
rie P2— 3Hauenve raaBHoro BeKTOPa BHEIIHHX CHJI, MPHJOKeHHbIX K rpa- 


HHUe OOOJO4KH NpH O = Oy. 

@Myukunun V u O (yroa noBopota ceyeHuA O6O04KH) HasbiBaloTca mepe- 
MeHHbIMH Matccuepa. C nNoMOILbIO HX, COraCHO HalMHCaHHbIM BBILIe COOTHO- 
INGHHAMH, MOryT ObITb MOJyYeHbI BCe BEHYHHbI, XapakTepH3yloulMe Hanpa- 
*KeHHOe H AeCPOPMHPOBaHHOe cocTOAHHE O6ONOUKH. 

BpipasHB yCHJIHA HW AepopMalluu yvepe3s nepeMeHHble Maliccuepa u moscta- 
BHB HX B 3-e ypaBHeHHe paBHosecua (IV.38) H ypaBHeHHe HepaspbIBHOCTH 
nepopmalnH (1V.39), no1y4aHM 2Ba ypaBHeHHA BTOpOrO MopsyKa AIA pewenua 
3aauu O Hallpx2xKeHHOM COCTOAHHH CHMMETPH4HO- Harp y2keHHOH ope6peHHon 
OOOJIOUKH BpalleHHa. 

TludepeninaibHble ypaBHeHHA allMpOKCHMMpyIOTCA KOHeYHO- pasHoct- 
HBIMH | -amreOpanueckHMH ypaBHeHHAMH Nopsyka fA? (A — umiar pa3s6uenua). 

C 9sTOH 2%e TOUHOCTHIO NYTEM BBOJa 3AKOHTYPHbIX TOUeK AMIPOKCHMHPyIoTcA 
rpaHHYHbe YCJIOBHA. 

CorjachoO cocTaBeHHOH mporpaMMe, BBIBOA pa3spellaloulux ypaBHeHHit 
B KOHe4HO-pa3HOCTHOM aHasiore H HX peulenue NIpOH3BOAHTCA Ha BbIMHCJIH- 
TeJIDHOH MaliHHe «<YpaJ-2». 

Matpwynoe pemenwe pa3HOCcTHbIX ypaBHeHHi; 6.10K-cxema nporpamMbl. 
B pesysbTaTe 3aMeHb! AudpepenunasbHbIX ypaBHeHvi HW rpaHHaHEIxX yCAOBuit 
KOH€4YHO-pa3HOCTHBIM aHaJIOrOoM OOpa3yeTca aureOpanyeckan cHcTeMa pa3- 
HOCTHBIX YyPpaBHeHHH BTOpOroO NMOpAyKa, KOTOPblIe MOXKHO 3allHcaTb B BHC 
BEKTOPHbIX ypPaBHeHHH: 


Boy + Cory = fo; 
Aju, + Bio; + Cz0j4 = fis | (IV .45) 
Bylly + Cylyyr =ty 3 
Snecb A;, B;, C; — MaTpuupt 4-ro nopsayKa; 
U4 — BeKTOPbI, COCTABJICHHbI€ H3 YeTbIPeX 3IeMCHTOB. 
Bripow ypasuennn (1V.45) uw ux pemenue MPOHSBOLATCA NO COCcTaBJIeHHOK 
TipOrpaMMe Ha BbLIYHCJIHTeIbHOH MaILIMHe. 


Pemmenve cuctemp (1V.45) pasbickHBaeTca MeTOyOM nocueyonarebitix 
MIpOroHoK B BHAe 


Uz = Piltiay + Q- 


iA MATPHUBI p; H BEKTOPa g, HCMOMb3syIoTCA cAeqyoulue peky ppeHTHbIe 
COOTHOUICHHA: 


pi = —(Aipi-g + B)* Cy; 
Gi = (Apia + Bi) (hi — Aigi-r) 
(i=0, 1, ...,.N.,). - 
Taka BbIUMCIMTeAbHaA CXeMa MeTOJa Ha3bIBaeTCH MaTPHUHOH MporouKon. 
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IIporpamMa pacyeta pov3BObHOH O6O04UKH BpalleHHA COCTOHT H3 
2 ONOKOB: 670K | TroyeH 1A MpOK3BOJbHOH O6OOUKH BpalleHHA, O10K 2 3a- 
WaeT KOHKpeTHy!0 reoMeTpHIO OOo0uKH. Takoe pasfemeHHe No3BoOAAeT pac- 
CMaTPHBaTb MPOHSBOVIbHbIe OOOJOUKH BpalleHHA, He NepeleLIBad OCHOBHY10 
iporpaMMy HW BK.lOuaA ee Kak COCTaBHY!0 YaCTb NpOrpaMMbl AIA CONPAKCHHA 
c ApyrumMu yup yrumu 9JIEMeCHTaMH. IIporpamma l-ro 610Ka COCTOHT H3 He- 
CKOAbKMX uacTeh. B OCHOBHOH 4acTH IIPOHSBOANTCA (opMHpoBaHine Koapu- 
IMCHTOB MATPHUb asreOpanyeckHxX ypaBHeHH lA I€HTPaJIbHOH TOUKH. 
Buauane opMupyioTca COOTHOMeHHA Maificcuepa B KOHeYHBIX Ppa3HOCTAX, 
a 3aTeM YpaBHeHHA paBHOBeCHA HW ypaBHeHHA Hepa3spbIBHOCTH. 

Jlanee aHaIu3HpyeTCA NpWHadexKHOCTh TOUKH K TpaHHYHbIM HU NpeAKOH- 
TYPHbIM TOUKaM. EcaH ycTaHaBJMBaeTCA, 4YTO TOUKA ABJIACTCH KpaeBOH HJM 
MIpeAKOHTYPHOH, TO yipaBueHHe mepezaetca Ha 610K, KOTOPbIH BHOCHT H3Me- — 
HeHHA B paHee OOpa30BaHHylO MaTPHUy, COrlacHO 3a]aHHbIM IpaHHUHbIM 
ycOBHAM. IIpH 3TOM NPOHCXOAAT HCKJIOYVCHHA 3AKOHTYPHbIX TOWeK H WOAGN- 
HeHHe KOHKPeTHBIM TpaHH4UHbIM YCJIOBHAM. 

CoctaBlleHHaA porpaMMa MO3BOHeT pa3s0HBaTb AHHY OO6ONO0UKH Ha 
500 wacreH Np HcnON,30BaHHH OHOTO MarHHTHOrO G6apabaHa. 

IIporpamMa Bk10uaeT | ‘pemrenue YpaBHeHHH COBMeCTHOCTH AePpopMaluH 
(IV.24), (IV. 20) Hi ypaBHenun cTaTHKH (IV.26) 21a 3NeMeEHTOB CTaTOpHOrO 
y3Jla C BhIWaveH YCHJIHH HW HallpxAxKeHHH B OOOOUKe H NO KOHTypaM HH KHErO 
KH BepxHero ceyeHHH KOJIOHHBI. 


6. PACHET MIPEABAPHTEJIBHO HANPS)KEHHOM ~ 
BAHJA)KHPOBAHHOM CNMPAJIbHOR KAMEPHI 


Metox onpeleneHia Oe3MOMeHTHEIX MeCPHJHOHAIbHbIX YCHJIMH B TOPO- 
o6pa3HoH OOo10uKe Mp HaMuMH MpesBapnTebHOrO OOKaTHA CIM paJibHon 
KaMepbI KPYIVJIBIMH MeTAJIIM4eCKHMH OaHwaxamu (puc. IV.23, a, IV. 9) ‘pas3- 
pa6oTaH B KTH no, pykopoycTBom B. C. Tloctoesa [77, 78 


GER Bantax 

acneens AIT 

site Od 0n0yvKa 
() \ 


5)  as0p 





Puc. IV.23. PacuetHan cxema 6aHqaxKMpOBaHHbIX TOpOOOpasHbIx OGo0UeK 


Sanaua 06 onpeyeeHHu yCHJIMH B KOJOHHAX, KO/IbiUe CTaTOpa H B Opedpex- 
HOH 4aCTH OOOJIOUKH OaHaKHPOBaAHHOH CIHPaJIbHOM KaMmepbl pellaeTcaA 0 
H3JIOKCHHOMY Bbiiie MeTOLY. Be3MOMeHTHbI€ yCHHA B OOOTO"UKe H yYCHAHA 
Ha KOJIbILO cTaTopa Ay U Q, NOWKHbI ONPeACAATbCA C YYETOM MpeBapHTeJIbHO 
pacTAHYThIX OaH axe. 

Ipegnomaraetcs, uTO B OaHaxKe MOKeT coslaBaTEca HeEKOTOPHIM HadaJb- 
HbIM 3aTAr BenmHuHHOH A. Satary A B OaHaaxKe COOTBeETCTByeT MOCTOAHHOe 
ycuaHe K, ecw He YOHTHIBATb CHJIbI TDCHHA MeXKy Oar7a2KoM HW MOBepXHOCTbIO 
O6OJ1IOUKH, KOTOpble MpeAMoarawrcA MavIbIMH. 
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(, 


« Hp HaTAKeHHH OaHaKa ycumuem K Ha NOBepxHocTb o6o04KH: 6yeT 
nepeqaBataca noroHHaw HarpysKa PEs > rye ‘R — paauyc CpeHHHOH 


MOBEpXHOCTH O6OM0UKH. 

.B Pea/IbHBIX yCJIOBHAX 6annaxu JOJKHbI CTaBATBCA OCTATOUHO 4acTO, 
apex HX JCHCTBHA Ha NOBEPXHOCTb OOOMOUKH MOXKHO 3aMeHHTb acbcbeKTOM 
BOSAeHCTBHA HEKOTOPOTO 3KBHBAa/ICHTHOFO KOHTAKTHOTO JlaBAeHHA, Hemnpe- 
PbIBHO pacipexeNeHHOTO MO NOBEPXHOCTH OOOMOUKH, HO ABJIAIOWeETOCA ye 
He NOCTOAHHOM BeJIHMUHHOH, a dyHKuneH yrua 0. 

STO KOHTAKTHOe JaBmeHue OyHeT PaBHO YCHNHIO qs, MpHxossamlemyca 
Ha @AMHHIYy- paccTronHua Mexy i u (i X 1)-M OaHyaxKamu, 

nK 
96 = DER? | (IV.46) 
rye n — unc0 Oanmaxel. | 
= a(1+ asin 9), 





rie a = = “ 9KCIICHTPHCHTeT Topa. 
Popmyina WIA Gg MOMKET OBITL Nepenvcana B Gomee yO6HOM Bue 
a ae 
16 = 1l+asin0’ 
rae ge? = 5a — 3HayeHHe KOHTAKTHOrO JlaBIeHHA IIpH 0 = 0, T. €. 


Ha BePpTHKa@IbHOM JIMaMeTpe. 


Takum o6pa30M, 3aaua CBOJHTCA K ONpeseeHHIO Koadypunuenta gg npu 
welictBuu Hatara A 4 BHYTpPeHHero JaBeHuA p Ha O6oouKy. Onpenenus gf”, 
HeETPYJHO OMNpPeACIHTb YCHJIHA HM MepeMelleHHA, BO3SHHKalollue B O6om0UKe 
H OaHJaxkax, W- TEM CaMbIM NOJHOCTbIO PelIHTh 3aayy. 

Jlerko ycTaHOBHTb, uTO ycuaue K cBa3aHO C HaTATOM OaHsaxKa COOTHO- 


HICHHEM 





re Fs — nuiowlaqb monepeyHoro ceyeHuA G6aHsaxKa; 
FE — MOsyb yupyrocTu MaTepuasa; | 
So — AIMHA [Yr CeyeHHA OOO/JOUKH, OXBAaTbIBaeMan Oana Kom, 


So = R( + 8). 


MoxkHo cuHTAaTB, CHENOBATEIbHO, UTO O6O0UKA HAXOMTCH Mod Bo3ilelicTBHeM 
Harpy3ku . 
5 


4 = P l+asin 0’ 





(IV.47) 


rae gf) — — noqiexut onpeseieHH10. 
J[1A ONpeJeeHHuA BeIMYMH TAaHTeHIMabHbIX ycunnit (MepHHOHAaTbHOrO 
H OKPy2KHOro) NPHMeHACM H3BeCTHbIC (bopMy JIbI: 


I ar: | 
n= moe le] | 
(1V.48) 


7o  - ] P2 5 
2=— Boga | On J OEds | + RoEn, 


R cos? a © 
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rie R, u RR. — raaBHble paqvycbl KPHBH3HbI CpeAHHHOH MOBepXHOCTH O60- 
JOUKH; | | 
& — yrOJl, HOMOMHHTeAbHbIH K 0; @ = =z — Y; 
P® — 3HaueHve raaBHoro BeKTOpa BHCIIHHX CHI, MpHJIOKeHHDIX 


K rpaHule O6o10uKH; 
S = S — Ayra, OTCUHTHIBAaeMaA OT HeKOTOpoli HavaJIbHOH TOUKH BOJIb 


MepH HaHa; 
E, — oceBpak MpoekiHA BHeIHeH nopepxHocri Harpy3KuH; 
E, — HOPMaJIbHand MpOeKUHA BHeLIHeH NOBEpXHOCTH Harpy3KuH. 
[IpHHuManx JIA NpOCcTOTb! CX€My 3aMKHYTOTFO TOpa, MOXKHO.. NOJOKUTb 


P? = Onpa 6 = —6,. Torza, NoAcTaBuB B dopmyvipr (IV. 48) R, =R;R,= 
—qgttasind. E, = qcos 6; p =a(l X asin 6); E, = 9, q ¥3 op- 


cos 0 
Myabt (1V.47), nowy 4AM mocwneé HeCOKHEIX npeoOpasoBannh BLIp aKeHHE 


WA yCHJIMH T? 1H TS 9 B CAe@YIOUIeEM MpoOcTom BH Je: 


2. jtasinO® 1+asin0’ 
Oxa3piBaeTca, YTO KOHTAKTHOe JaBeHHe OT Oa laxkeli He BbISbIBaeT OKPYK- 


HbIX TAaHreHILWaJIbHbIx ycuani T>. 

IIpw onpegzeienun ycuink T? B OOmacTH 3anenKH O6ONOUKN B crarop Heo6- 
XOJHMO MMETb B BHY cilefyiouiee OGCTOATEIBCTBO: B TOM CJly4ae, Kora OaH- 
Wank C WeIbIO Pasrpy3KH CTATOPHOTO KOAbIlLa NpHBapHBaeTca K peOpy Kouba 
Ha H€KOTOPOM paCCTOAHHH OT MECTA CONPAKEHHA OGONOUKH,. Mex Ly Oa axKOM 
H O6ONOUKOH OKaxKeTcA 3a30p (puc. IV.29, 6), T. e. KOHTaKTHOe JaBneHHe gS” 
B OO6NacTH STOTO 3a30pa OyAeT OTCYTCTBOBaTh. Tora GesMOMeHTHOE ycusHe Tt 
B paCKPbITHH OyeT ONpeMeNATECA N10 (opmy.1e 


Tha PR 24 asd ___Rsin®s 9. ay.50) 


Tom PR 2+esin 0 Wo ns. v9) 


2 14 sin 0 (1+ @ sin 6) sin 0 
3necb 6 u3MeHAeTCA B Mpenenax or 0, 10 —Oc. | 
Jina onpenenenusa Koadxpuumenta g6” cocTraBaneTca ypaBnenue KOHTAaKTa 
OOOMOUKH C OaHaxKOM B CJIeLyIOULeM Bue: 


As — A - Avs. 
rie A — BeJIH4YHHa 3aTAra OaHyaxKa; 
Ag — W3MeHeHHe JVIHHbI Ayru OaHwaxa pH BOSeHCTBHH KOHTAKTHOFO 


JaBJICHHA Ge; 
Avg — H3MeHeHHe JVIMHbI AYrH ceyeHuA OOo0UKH NpH poaelicTBHH 


JaBAeCHHA GQ; 


s : 6. 

_ __ _ pR? f 
Avs = | 1 ds = 2E6 Geer tim 

at 

Q 


So 


9g) R2 (1+ te) VYi—a@ oo 
— ee a(S) ee SF (+p) (+ + &) |. 


3necb 0, — 3HayueHHe yrula 0 B MecTe COnpA2KeHUA oG0104KH Cc yupyruM 6op- 
TOBLIM 3JIEMEHTOM CTATODPa; 
€, — OTHOCHTebHan epopMalluA O6O04UKH B MePHAHOH AJ bHOM. Ha- 


lip aBJieHHH. 


| arctg 
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lia 6anyaxa, cormacHo (IV.46), umeem 
K = 28R2 gi) — EF. Ao (IV.51) 
oTcioja | | | 
2uRaSo (0) 
nEF 6 fo: 


[loxcrasnaa nosy 4eHHEIe BbIpaKeHuA Jd Agg nu Ag B (IV.50) u paspemms 


STO ypaBHeHHe OTHOCHTEIbHO eo NomyuHM PopMysy WIA oNpemeneHuA cy 


(1 +1 Via 


As = 


On pSo0 








arctg A # fF +-3- (1 — p) (+ 0.) — 5 
(0 Visi I+a(1—tg $)- —ig Se. 2 2 R 
g =_— . . 
(1+tg 4 -)Vi-a | 
2 2 aretg A Fg 2d 
Vise Ita (imigf)—tg te 1aFe 


(IV.52) 


SHECh Oyy — BEJIHUHHAa HallpAKeHHA WpeyBapHTebHOrO 3aTATa B OaHam«e, 
KOTOpanA TIpH pacuete 3anaetca. YcumHe B OaHame K OyfeT onpejetAteca 
no dopmyae (1V.ol). 

Takum o6pa30m, onpeyenuB no (1V.52) KOHTAaKTHOe JaBJIeHHe gg, No cpop- 
mysam (IV.49) u (IV.50) MomHO onpeyenuTh Ge3MOMeHTHOe ycuuiHe B.oGo10UKe 
H OaHaxe, SaTeM 10 H3JIOXKCHHOMY BBIWe YMCMEHHOMY MeTOJY pacueTa onpe- 
JeCIAIOT YCHIHA WH HallpAxKeHHA BO BCEX 3JIEMCHTAX CTATOPHOrO y3a. 

Kak noka3aiu pacueThl H SKCIMEPpHMEHTAJIbHbIe HCCJIEMOBaHHA, BbINOJIHeH- 
Hble B ILKTM wa mogenu cnoupamm, 3a cYeT OO6KaTHA OOOMOUKH CHHMaeTCA 
60—70% ruypocTaTH4eckoro pacueTHOrO JaBIeHHA (pacueTHbIM Hanop 120 m). 
IIpu 20,5 amm B KONOHHAX CTaTOpa BOSHHKIM HalpsAyxKeHHA TeKky4ecTH, a 
B O6oO04Ke NpH Tome 4 MM HallpAxKeHHA COCTaBHAH He Gonee 1900 KI /cm?. 
IIpH 3TOM aBJIeHHH HalpAxKeHHA B KOJbIe CTaTOpa OKa3saJHCb B npexemax 
JOMYCTHMBIX. 

OxkoslocTaTopHas ope6peHHaa 30Ha o6on01KH OKa3alacb MeHee Bcero Ha- 
NpxAxKeHHOH. JLaHHbie 3THX HCCIeEOBaHHH aloT OCHOBAaHHe NOJaratTb, 4TO AWA 
BbICOKOHANOPHBIX MOMHbIX THAPOTypOHH MOKHO CO3aTh NpeABapUTebHO 
HallpAXKeCHHYIO KOHCTPyKIUHIO CIMpabHOH KaMepbl Cc NOHO nepenauen 
rHfpocTaTHyeckKoH Harpy3KH Ha OaHyaKHpOBaHHy!O OOoOUKy. Hecyiian 
O6010%UKAa CIHPasH MOKET BHINOHATLCA DJIA TAKOH KOHCTPyKUHH H3 OObMHOH 
MaJlOyrvIepOXHCTOH CTasu. TommMHHOK 35—40 mm, a OandaxKH — H3 BbICOKO- 
MpoOuHOK cTanHw JuamMeTpom 45—50 mum. 

IIpumMmep pacueTactTatTopa u cCHupambHod K AMEDBI 
rua poTtTypouHyE. 

[IpHBo_ATCH pesyJIbTAaTbI pacueta 6e3 OaHnaKen ue Oanjaxkamn. Mcxonupie 
JaHHble K pacueTty. 

1. Paguyc BxoygHoro ceyeHuan R = 290,0 CM. 

_R 


2. PaccToaHHe OT ocv ceyeHna JO ocu arperataa = 831,3cu,a = = 


Q 

= 0,348. 

3. Yrom ocu BePTHKAIbHOrTO JHaMeTpa JO 3afeKH OG6OJ0UKH B eratop 
Q@, = — 69°20’. 
TomunHa o6on0uKH 6 = 3,2 cm. 
KoanuecTBo o60704ueuHbIX pe6ep nm = 96 UIT. 
TommuHa o6om0uerHEIX pe6ep 5b = 3,2 cm. 
Bricota pe6pa y 3anemku Ah, = 55 cm. 
Bricota peOpa Ha koute hy, , = 5,5 cm. 





oo ene | 
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9. Yron oxBata o6o704uKH pe6pom 6, = 20°... ©. - 

10. Pacctosuue oT ocu arperaTa JO 3ayenkH O6oN0"UKH B cTaTOp r, = 
-. 11, Buicora Ko3bippKa cTaTtopa: fh, = 50,0 cm. 

12. BuyTpeHHui payuyc Kouba cTaTopa r, = 436,5 cm; r, = 525,0 cm. 

13. Pagwyc WeHTpa TAxKeCTH KOJIOHHBI Tyo = 499 cm. 

14, Yron ycTraHOBKH KOJIOHHbI —7°. + | 

15. Yrou' MexKy OCbiO y KOJIOHHEI H HallpaBseHHeM paylHyca ro, poxo- 
AAWLeErO Yepe3 LEHTP TAXKECTH KOJOHHBI, @ = 28° 15’. 

16. Bpicota KovzoHHp 1, = 105 cm. oO 





O;Op,KI/em" 


O; 





i , yy 
Y | 3 


9,2page9°20" 49°70' ¥20' 19200 +15 30 45 60 75 90 6,2pqd 


Puc. IV.24. Hanpsxenua no ceyeHHlo O60sI0UKH HW B peOpe: 0, — MepHAHOHasb- 
Hble HalNpsxKeHHA B OOONOUKe; Op — HallpaxKeHHe B BONOKHaX peOpa 














17. IlpupegeHHoe KoONMYeCTBO OaHwaxKehH ng = 192 mT. a 
18. JIvametp pesb6nr GaHnaKka dp5 = 4,8 cm.  ... .. 
19. Yron oxpata OaHyaxa 0, = —d0°. te | 
20. JliuHa AyrH o60n04KH, OXBaTbIBaeMan 6aHaKOM Sy = 805 cum. 

21. TIpeqBapnTeibHbli HaTar GaHgaKa (cTanb 35°C) ogg = 2500 KI /cm?. 


nL Zt 


22. Jlapnenue (c yyeTom ruypoynapa) p = 26am. 
Y Ka3aHHble HCXOJHbIe aH- . 












Hbi€e BBOJATCA B IporpaMMy we 1150 1670 1540 1399p tm 
MallMHHOro cueTa Ha JUBM SW no 600.723 25 10640 1220 
«Ypan-2» moO WepBoH pacuerT- 6° of 3 by. 
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© Io Ey S50 | 

HOM CXeme, COrlacHO KOTOpOH, yOAG7 ey, 
Kak yKa3bIBaJlOCb BbILe, HHK- W// Wf yf 

ttt] /¥e 

Hee KOJIbILO CTaTOpa CUNTaeTCA mp a TAG 
*KECTKO 3aeaHHbIM B (byHsa- Sa a 6 8 60 90 a, 
MeHT G6jl0Ka, a BepxHee — 340 i ee 
yllpyro cBH3aHO Cc BepxHel ' G nrfem? "78 ° %0 1200 


UaACTbIO KeNe3OOeTOHHOTO GJIO- | Oo | | 
a. O06 : Puc. IV.25. Hanpsxenva BceyeHHAX KOJIOHHEI Og — 

no OTONKA OTHECH A oT y BepXHero KOJIblla CraTOpa; O,, — Y HHKHero KOUIbila 

O610Ka MArKOH MpoOKjankon. — } oe craTopa . 


BauanHe xKees06eTOHa Ha : 
CKPyYUHBaHHe UW palWasbHOe CMeINeHHe BepXHero KOJIbILA HE YUHTHIBAeETCA. 
Cuntaetca, 4TO *Kenes06eTOH MpelATCTByeT TAHTeCHILMaJIbHOMY CMELILCHHIO 
KOJIbILa CTaTopa. a ne , : 
Pe3yJIbTaTbI pacueTa B Buse rpadHKOB HalpaAKeHHH B OGoOOUKe, pebpe 
H KOJIOHHAaX JIA OO6OHX BapHaHTOB KOHCTPYyYKIUHH CMApaJIbHbIX KaMep MIpHBe- 
menpt Ha puce. IV:24, IV.25, IV.26, IV.27. Ws rpatbukosB BuHO, YTO B OKOUIO- 
CTaTOPHOH 30He, rae O60704Ka OpeOpeHa, HaNPpAKeCHHA 3HAYHTEIbHO HHKE, 
yeM B HeopeOpeHHOH 30He. HavOobuive HallpaAxKeHHA BOSHHKAIOT Cpa3y 3a 
pe6pom. Jima He6aHwaxKUpOBaHHOTO BapHaHTa STH HaNpAXKeHHA PaBHHl 
2750 «kI/cm?, Torma Kak B 6anaxKupOBaHHOM OHH ocTuraT 1850 Kl /cm?. 
Takum o6pa3om, 3a cueT GaHaKHpOBaHHA € NOCMeYIONIMM NpeABapuTeb- 
HbIM OOKAaTHeEM OKa@3aJIOCb BOSMOXKHBIM YMECHbILHTh HallpAKeHHA B OOOMOUKe 
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‘MpuMepHo Ha 30—35%. H3 cpaBHenua rpadukos HanpsxeHHii B KONOHHAaX 
clleqyeT, YTO B OaH]aKUPOBaHHOM BapHaHTe HalipAxKeHUA B HHIKHEM Ce4eHHH 
KOJIOHHbI H€CKOJIbKO BbIIUe, YM B HeOaHaKHPOBaHHOM. YBeM4eHHe Hanps- 
*KEHHH B KOJIOHHE 34 C¥eT OaH aKa MOKHO OObACHHTh TEM, YTO VFO NPHBapKH 






G7; Gp, al /crr” 
6, 


ed 
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Puc. IV.26. Hanpsxxenns no ceyenhio O6010uKH B pepe: 0, — MepHAHOHAab- 
HBle HallpAKeHHA B OOONOUKe; Op — HalpaxKeHHA B HapyXHEIX BONOKHaX 


pe6pa 
GaHamKa (8, = —50°) Menbule, 4YeM yrom CONPA2xKeHHA OGOMONKU C KOVIbILOM 
cTaTopa (0,=—69°). Takaa pasHulla B yrmax MpHBea K yBEAHYeHHIO JWIA 6aH- 


aK POBAaHHOTO BapHaHTa NPHBeJeHHOrLO Ha KOVIbILE pacnopHoro ycuaHa Q,, ITO 
1760 | | 


1505 CNOCOOCTBOBaIO yBevIHye- 
re HHIO HallpsxKeCHHH B HHKHEM 


2 0 | : nO 
a qo 0 4470 1810 
rye 1150. ~~. 2449 Ce4YCHHH KOJIOHHbI CTaTopa. 
ty 19 







. : in [PON S207 B 3aHHoM caly4ae Wemecoo6- 
po 290 _ f _pasHee 6aHaxKUu Henocper- 
Ui WY Ug Pee 0/, CTB€HHO IIPHBapHBaThb K KO- 
r is Lilkdteg by so EN 
[a @ fo “bataa0 125 | agence? S3bIPbKy CTaTopa. Torga pu 
590 $Y 75 | |. 0; =—69°  —- HanpsKeHHA 
1665 fizq tt09 "90 (060 1246 jem _ _ B KOJIOHHAX MpakTHUecKH HE 
6. nr lem? SO RSF Seco — 2250  OYAYT OTHUATbCH OT HalIps- 


Puc. IV.27. Hanpsoxenua B ceuenuax Kononnn: o, — 2KCHHH B He0 aH a2ku pOBaH- 
BepxHeroO KOJIbila cTaTOpa; O,,—HHMKHErO KOIbUa cCTaTOopa HOM BapHaHTe. 


7. 3AMEUAHHSA O TAPAMETPAX PABOUNX KOJIEC 
PEAKTHBHbIX TYPBHH 


OcHOBHbIe reOMeTpHYeCKHE HapaMeTPbI MOBOPOTHOMONACTHEIX HW pauasbHo- 
OceBbIX paOO4HX KOMeC — 4HCIO H yroll OxBaTa slonacTel, ux TOMMNHHA, 
cbopMa H pa3mepbl Koplyca HIM BepXHerO H HHAKHELFO OOOMbEB, BbICOTA H Jp., 
KOTOpbie BbIOHPalOTCA B 3aBHCHMOCTH OT yCJIOBHH JHHaMHYeCKOH Hu cTa- 
THYeCKOH [MpPO4HOCTH, — OJHOBPeMeCHHO B OO/bUIOH CTeNeHH ONnpeeAIOT 
rHpOqHHaMuyeckHe XapaKTepHCTHKH paOouero. komeca, ero 3HepreTH4ecKHe 
H KaBHTalHOHHble NOKasaTeM. . 

Bonpoc 0 3aBHCHMOCTH THApORHHAMHYeCKHX XapakTepucTHK pa6ounx 
KouIec OT HX TeOMeTPH¥eCKHX [apaMeTPpOB paccMaTpHBaeTca B pxe pabor 
OTCYCCTBEHHBIX H 3apyO6eKHEIX ABTOPOB. 

B oTevecTBeHHOH JIHTepaType HaHOomee NOHO H KOHKpeTHO 93TOT BOTpOC 
ocBellleH B paOorax A. IO. Kontroua u V1. 9. SrunGepra [54 u 112]. Hume 6y- 
AeET KPaTKO pacCMOTPeHa CBA3b FEOMETPHYeECKHX HW THAPOAMHAMHUeCKHX Xapak- 
TepHcTHK paOouHXx KONIec B TOH Mepe, B KaKOH OHH CBA3AHBI C BOMpOCaMH 
NpouHocrTH. | oe OO 

_ PaOouee konecO paynanbHo-oceBoh TypOHHbI. OcHOBHEIMH reomMeTpHye- 
CKHMH NapaMeTpaMH PaHaJIbHO-OceBOTO paGovero Komeca ABJIAIOTCA UYHCIO 
monacteH 2, ToJMMHa sJomacTteH 6, BhICOTa HanpaBJaioulero anmapata bo, 
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(popMa BepxHero ooona, paluyc 3aKpylvieHHA HM KHErO O6Oa (AIA THXOXOL- 
HbIX KOIeéc) HH yron KOHyCa HMKHEerO: O6Oa (ana ObICTPOXOHBIX Kovlec), 


D 
OTHOCHTEIbHbIM HaMeTp BbIXOa > 
1 


Uncao AONacTeH,, OKa3bIBan cyilecTBeHHOoe BAIMAHHE Ha craTuueckyio Hi 
JHHAMHYECKYIO MpOUHOCTh. KOJIeca, ABJIACTCH OMHHM M3 BamKHeHWAHX PakKTOpos, 
onpeyenmiOlldxX SHepreTHyeckHe H KaBUMTAaMOHHbIe KauecTBa . pajlvasIbHo- 
ocepoH Typ6uHbI. I[pH OTHOCHTebHO MaJIOM 4MCe mOMacTe HMeeT MECTO 
Ooibmlan yebHad Harpy3Ka. Ha JIONacTh, BCIeACTBHe Yero KaBHTallHOHHbIe 
KaYeCTBA OKa@3bIBalOTCA HeJOCTATOUHO BbICOKHMH. 3aTO HaH4He HeOOAbUION 
CYMMapHOH MOBepXHOCTH OMBIBaeMbIX’ BOOM MOMacTeH nmo3sBouserT. NOAHATb 
3HaueHHe K. I. J. H OOeCIeCYNTh OTHOCHTEbHO: BbICOKY10. ObICTPOXOJHOCTb KO- 
neca. YBesH4eHHe WHCa MOMacTeH CHHKaeT YJCIbHY!O Harpy3Ky Ha JIOMACTb. 
H TCM CaMbIM yJyullaeT KABHTAaHMOHHbIe KauecTBa, Koveca. 

OnHako O6onpuee CTeCHeEHHE MOTOKA JIOMACTAMH HW OOVJIbIIAA, NOBepXHOCTS 
TpCHHA MOTyYT HPHBeECTH OJHOBPeMeHHO K CHHDKEHHIO K. I. J. H YMCHbINeHHIO 
ObICTPOXOMHOCTH (10 O6opoTaM HU No pacxogzy). UpesmepHoe yBesnMyenne 4HCIa 
JIONACTeH MOKET HACTOAbKO CTCCHHTb NOTOK, 4TO KABHTalHOHHbIe KavecTBa 
TYpOHHbI He TOJbKO He yayumates, HO Waxe yXyJMMatTca.. 

O6bIUHO FHCIO NOMAaAcTeH 3aBHCHT OT GbICTPOXOJHOCTU H J@KUT B mpenenax 

= 9+21. B 3aBucuMocTH OT OBICTPOXOMHOCTH UHCJIO nomacten FI PHHHMAaIorT 
cule Ly IOLLHM: , 


tg... . « . 60-80 120-150° 180-200 . 200-250 250-300 300-350 
2, 00« ee D119 «1917 17—15 ° 15-14 14 14—12 


 Ysenmuenve uucna monacteii np HeH3MCHHBIX HX pasmepax yBeIHUHBaeT 
MpO4¥HOCTh WH XRKEeCTKOCTH KOHCTPyKUHH paboyero Koueca. TlostTomy mpu Gouee 
BbICOKOHaANOpHBIX TYPOHHAX MNPHHHMAaIOT OoOvIbmee KOVIHYeECTBO sJOMacTel. 
OToO yJIyulllaeT KaBHTAaIMOHHbe CBOHCTBa, HO Mp 39TOM CHM KaeT ObICTPOXOL- 


HOCTb TYpOHH Kak M10 iponyCKHOH cnoco6HocTH Q;, Tak H.10 ONTHMAJIbHBIM 


NIPHBEJCHHbIM OOOpoTamM ny. 

Towuny nmpoduaa wonactu 6 cneqyer MIPpHHUMaTbh MHHHMAJIbHO HeOOxo- 
MMOH 110 YCJIOBHAM IIPOUHOCTH WH KECTKOCTH KOHCTPYKHHH Kovleca, 6€3 H3/1HII- 
HHX 3amacoB, TaK Kak BeJIH4uHHa 6 BAMAeT Ha KABHTALMOHHbIe CBOHCTBa | (em 
MeHbiue 6, TEM JIYUNIe KABHTAIHOHHbIe CBOHCTBa TyPOHHBI). 

Vismenenvem uucma OMMHAKOBbIX JIONAaCTeH MOKHO B H3BECTHBIX Mpesemax 
H3MCHATh BU YHMBEPCabHOK XapakTepHcTHKM padoyero Kovleca. YBemH4e- 
Hue UHCAa MOMAacTeH CMeHLaeT ONTHMAJIbHbIC 3HAYCHHA K. M1. J. HW JIMHHIO orpa- 
HHYeHHA MOUIHOCTH B CTOPOHY MeHbIUHX pacXOjJOB. 

MepuavonaibHad MpoekiHA pa6oyero Koseca (KOHTYp MpoTOuHOH aacru) 
(cm. puc. 1.20) onpenensneTca BbICOTOH HanpaBasnionlero anmapata bo, pamny- 
caMH 3akpyraenua R HuKHELO O60Ma WIM HUKHELTO KOMbUAa HallpaBJAwlmero 
anmapata, yrJiOM HaKJIOHa HHKHETO 06074 au (opmon BTYJOWHOrTO ceyeHHA 
padouero kKovleca. 

Bu6op BBICOTHI HanpaBasioulero anmapata by 3aBHCHT OT Hamlopa, mpu 
OOJIbINeEM Hallope TpeO6yeTca MeHbIaA BLICOTa, STO OGecneuuBaeT Oowee 2KeCT- 
Ky!IO KOHCTpyKIUHIo padoyero koeca. Ecnu Obl Np yBeJIMYeHHH Hanopa He 
YMeHbillalacb BbICOTa HalpaBAollero anmapata, TO. WOTPeOoBamocb Obl WIA 
mponycka pacxoya Majloe OTKPbITHe HallpaBJIAIOWNMX JIOMATOK, T. €. MOTO GObI 
NOABMTbCA POcceJIMpOBaHHe MpoTeKalouleH BObI yepes y3kue mewn. Lhene- 
coo6pa3Had BbICOTa HanpaBsAIolero annapata Dy AIA pasHbIX HalOpos, ycTa- 
HOBJICHHAaA Ha OCHOBE MpakTHKH raipory p6ocrpoenua, npuBerena B Ta6JH- 
wax Ha pue. 1.21] u 1.22. 

Paquyc 3akpyrieHua HuxKHero O6ofa R YFOu1 KOHYCHOCTH @ B 3HAUMTeJIb- - 
HOH CTeENeHH ONpeyeAeT BEIHYHHY BbIXONHOTO WHaMeTpa pabouero Koseca D, 
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(4em Oouple oTHOMeHHe Dy TeM OOJIbINe MIOWalb BLIXOJHOrFO CeYeHHA H TEM 


MeHbIe CKOPOCTHOe paspexKeHHe NOM KONeECOM). OHAaKO TIpH 3TOM He JOJIKHO 
ObITb HapylleHO ycloBHe OGTeKaHHA HHKHEFO OOOAa, Haye Oy TeT MPpOHCXOLHTE 
nameHue K. nm. A. Jiwa ‘Hanopos or 40 xo 100 m wenecoo6pa3eH yrom a@ = 6+ 
+20°, aaa Hanopos 100—150 m chenyeT NpHHuMaTb a = 36°. 

@opma BTYIOUHOrO ceueHHA KoONeCa OKAa3bIBaeT HeOONbINOe BIMAHHE Ha 
XapakTepHCTHKY TYPOHH, OHaKO KPHBOJIMHeHH aA dopma BTYJIKH JaeT “sy4- 
wHe K. I. I. TYpOHHEI, YeM MpAMOHHeHHad. Ho 3aTo NpaAMomMHeHHaA dopMa 
odecneyHBaeT Gonee NMpoctyto KOHCTPyKIHio KONeCa; 3TO CYIeCTBeEHHO Ip 
H3POTOBJIeHHH CBapHOM KOHCTpyKUMH. Ilostomy BLIOOp OpMbI BTYJIKH culeyerT 
IpOH3BOAUTb JWI KOHKPCTHBIX napaMeTpoB MalIlIHHbI C yueToM T@XHHKO-9KO- 
HOMHYeCKH X coo6pakeHuit. 

Jia oGecneyveHHA BbICOKHX guepretudecknx nokKasatTeen ry pours J1O- 
nacTH pa6ouero Komeca ‘-BBIMOMHAIOT CAIOMKHOH lIpOcTpaHcTBeHHON (pOpMBI, 
BBIABJAeCMOM B Mpomecce rHA{poqvHaMu- 
yecKoro pacueTa. Bmecte c TeM caOomx- 
Hada topma JlomacTeH WH Me@KMOMACTHBIX 
KaHaJIOB paAWaJIbHO-OCe€BOrO Kovjleca 
3aTPYAHACT TEXHOJIOrHIO H3FOTOBJICHHA 
Koneca. B cayyae y3KHX H CHJbHO 
HCKPHBJICHHBIX MCXKJOMACTHbIX KaHa- 
0 JIOB WeAbHOJIHTEIX pa6bouHXx KoOec HHO- 

a 20 60 70 Hm ra OKa3bIBaeTCA HeEBOSMOXKHBIM Mosy- 
Puc.. IV.28. 3asucumocrh orHomenua qua-, YCHHe TeOpeTHYeCKH 3aaHHbIX opm 
MéTpa BTYJIKH K HaMeTpy paOouero Koneca JOMacTeH H OCOGCHHO OCTAaTOYHO riay- 
noBopoTHONOnacTHbix TYPOHH OT BeENHYHHEE ROY YX NOBepXHOCTH. 

Hallop a ' Tlostomy B Mpomecce ruazpoquHaMu- 

| 4YeCKOH paspaooTKH payuaJIbHO-oceBoro 

Kovleca HYKHO MO BO3MOXKHOCTH CTPCMHTbCA K YJOBJIETBOPeHHIO Tpe6oBaHHit 

TEXHOJIOFHH H B CJlydae paBHOLWeCHHbIX rHApaBMHyYecKHX NOKasaTelen BbIOH- 
aTb Goulee MpOcTble A M3roTOBeHHA (OpMbI KOWIec. 

Pa6oyuee KONeCO HOBOPOTHOJONacTHOK Typ6HHEI. OCHOBHEIMH TeOMeTDH- 
YeCKHMH TapaMeTpaMH MOBOpOTHOJONacTHorO pabouero Koseca ABMAIOTCA 
YHCIO H YrOl OXBaTa JOMacTeH (HH rycToTa pemeToK Koeca //t), TommMHa 
jlomacteH 6, qHamMeTp H opMma Kopriyca. 

Ha sHepreruueckne HM KaBHTalHOHHbie KayecTBa pa6ouero KOIeca, IOMHMO 
VKa3aHHbIX FEOMETPHYeECKHX MapaMeTPOB. COOcTBeHHO KOJIeca, OOJIbIIOe BJIHA- 
HHe OKa3biBaeT TakxKe (OpMa KaMePbI padouero Koueca. 

OXHHM H3 OCHOBHbIX HapaMeTPOB NOBOPOTHOMONACTHOrO KOeca, onpese- 
JIAIOULUX ero THAPOAWMHAMHUeECKHEe XapaKkTePpHCTHKH, ABJIACTCH dopma, HM rwiaB- 
Hoe, AHaMeTp Kopriyca. | 

Yaenwuenne yuaMeTpa Kopityca, yMeHbilan mpoxogHoe ceyeHHe, CHHKaeT 
MiponycKHy!o CMOcOOHOCTh padoyero KOIeca, YMeHbuUaeT K. I. J. H 3aMeTHO 
yBeJIM4HBaeT K@BHTALHOHHbIM KosdpuUHeHT. OcoOeHHO BayKHOe 3HadeHHe 
5TO OOCTOATEJIbCTBO MpHOOperaecT JIA BLICOKOHANOPHHIX NOBOPOTHOJONACTHBIX 
Kolec, Y KOTOPHIX JIA pa3SMelleHHA GONbWero WHCIa MOMAacTeH, MOABep»xXeHHbIX 
BOSeHCTBHIO OOMbIIHX THAPOMMHAMHYeECKHX CHJI H MOMEHTOB, Tpeoyeres | 3Ha- 








UHTCIbHOe YBEHYCHHE BTYOYHOTO OTHOWeCHHA dem = —™. 
= 1 


Ha puc. IV.28 npuBezena mpuMepHaa 3aBHCHMOCTb BTYAOUHOFO oTHomre- 
HHA OT MAKCHM@IbHOrO Hanopa, NOMyYeHHaA Ha OCHOBaHHH MpoeKTHPOBaHHA 
TYPOHH pa3M4HOH GbicTpoxozHOcTH. 3 storo rpaduka BUAHO, ITO BTyOUHOe 
OTHOMICHHE 3aMeTHO. BLIPAcTaeT C POCTOM Hanopa, H3MeHANCd OT 0,35 npu Ha- 
nopax nopsayzkKa 10 “ u AocTurasa 0,60 npu Hanope 70—80 m. Takoe yBemnuueHHe 


188 


BTYMOYHOTO OTHOWICHHA BeseT K pe3KOMY YBeJIMYeHHIO KaBHTallHOHHOTO 
KOSPDUUHEHTAa H COOTBETCTBEHHOMY YMEHbINeHHIO MpONycKHOH cnocoOHocTu 
H ABJIAeCTCA MO CylecTBY FIaBHbIM MpelATCTBHeEM K J\aJIbHeHILNIeMy. JKOHOMH- 
YeCKH llemecooOpasHOMy IpHMeCHeHWIO NOBOPOTHOJIONACTHBIX TYPOHH Ha IM0- 
BbIINeHHbIe. HANOpbl. OTcioa BHAHa HaCyHlHaA HeOOXOJHMOCTh a/ibHehwiero 
COBepIICHCTBOBaHHA KOHCTPyKWHH MOBOPOTHOJIOMACTHbIX KOJEC, , HallpaBwseH- 
HOrO Ha BCeMepHoe YMeHbUICHHE BTYJOUHEIX OTHOWeHHH: Tlomamo copepmen- 


CTBOBaHHA KOHCTPyKWHH, OHM H3 CpeACTB YMCHbINCHHA dem ABJIACTCA pas- 
paOoTKa TaKOH JIOMacTHOH CHCTeMbI, KOTOPaA XapakTepH3yeTCA MHHHMAJIbHO | 
BO3MOKHbIMH THAPpOMMHAMHYeECKHMH YCHJIMAMH HW MOM@CHTAMH Ha - slomacTax 
B WHPOKOM JHala30He H3MeHeCHHA pexHMOB. CHHKeHHe YCHAMH HU MOMCHTOB 
Ha JONaCTAX MO3SBOJIAeCT YMCHbIIMTb KECTKOCTh H MpOUHOCTh 3JIEMCHTOB MeXa- 
HH3Ma JloMacTeH HM TeEM CaMbIM YMCHbIUHTb pasMepbl Kopryca Kovleca. Bropbim 
BaxKHbIM (aKTOPOM, . KOTO- BS | 
pbId OMpesesneT aHeEpreTH- 4 
yeckHe H K&aBHTalHOHHbIe 
KayecTBa MOBOpOTHOWONAcT- 
Horo KOJIeca H OT KOTOpOrO 
MOUTH MOMHOCTbIO 3aBHCHT 
ObICTPOXOAHOCTh TYPOHHHI, 
ABJACTCA TYCTOTA pellleTOK 
padovero Kosieca. C poctom 
TyCTOTLE pemleToK Kovleca, 
T. €. C YBeHYeHHeEM CYyM- 


MapHOH TwOUWaqH JomacTer To 


eer. ‘Ty pOuHEL (eee Fe. 0 20 30 40 50 60 70 80 90 100 110 120 130 140 850160 170 80 190 00m 
_JMYCHHA TOTepb TpeHHaA Ha Puc. IV.29. Opnenruposounan 3aBHcuMOocTb KaBHTaHOH- 
jlomacTaX), HO 3aTO OUeHB Horo KoodpHiiMenta Or Hanopa H u oTHOmeHHA I/t 
CyYILeCTBeEHHO yJlyuliaioTca 7 | | 
KaBHTallHOHHble KayecTBa. [lockobky C pocToM Hanopa OcO60 BaxkHoe 3Ha¥e- 
HHe MpHoOperaioT KaBHTalHOHHble KavecTBa, TO AIA [OC c NOBbIINeHHBIMH Ha- 
NOpaMH IIPeHMYIMeCTBEHHO IIPHMCHAIOT Ooulee THXOXOMHbIC, HO 3aTO C Ay4- 
IWHMH KaBHTallHOHHBIMM KavecTBaMH KOVleca C YBeJIHYeHHOH FycTOTOH pellerok. 
YBemH4eHHe TYCTOTbLI PelueTKH MOXRET OBITb AOCTHFHYTO JBYMA HYTAMH: H60 
yBeJIH4eHHeM yIrvla OXxBaTa JlonacTeH# MpH HeH3MCHHOM HX UNCAe, 1H60 
yBenH4eHHeM 4HCa NoMacTreH. OObMHO yrowl OXBaTa JlomacTeH NPHHUMAIOT 
He 6ojee 70—80°. JlanbHeiuiee yBenmMueHHe yrvla OxBaTa HeKelaTebHO 
C TOUKH 3p€HHA BO3MOXKHOCTH NOABJICHHA HERONYCTHMbIX BHOpaluh siona- 
cTeH. | / | | : 

_ [Inn YerbipexsiomacTHoro Kosleca C yKa3aHHbIM YIJIOM OXBaTa JIoMacTeit 
rycTota pemerok paBHa mpumepHo //f = 0,8+0,9. Uro6nr o6ecneunth, ap- 
HeHimee yBemHueHne //t, mpuGeraioT K yBeHUeHHIO UHCIa JomacTeH. Han6onp- 
mee YHCO JOMacTeH, NPHMCHAeMOe HA OTCUECTBECHHbIX BhICOKOHANOPHbIX MOBO- 
POTHOJIONACTHBIX KOecax, cocTaBlAneT 8. JlanbHehuee yBemH4eHHe HCA 
onacTteH MOMKeT, KaK H B paHaJIbHO-OceBbIX TyPOHHAaX, MpHBeCTH K 4pes- 
M€pHOMYy CTeCHEHHIO NoTOKa H K yXyJIWeHHIO THAPOMHAMHYeCKHX NOKAa3a- 
Teen. ) - 

Ha pue. 1V.29 noka3aHa OpHeHTHpOBOUHaA 3aBHCHMOCTb 3HAYeHHA O OT 
oTHoweHHA //t u BeH4MHbI Hanopa. KpuBaad CBU JeTeIbCTBYyeT O TOM, UTO 3Ha- 
4UHTEIbHOe H3MCHECHHE KaBUTalMOHHHIX CBOHCTB Cc yBemHueHHem I//t Ha6sI0- 
laeTCA TObKO B 30He //t = 0,7+0,9. TIpu 6onpmmx Benmunnax //t BauaHue 
sTOrO (akTopa Ha KaBHTAIHOHHbIe ‘CBOMCTBa yMeHbillaeTca. CaelyeT TakxKe 
MMeTb B BUY, 4TO NpH yBenuenHn // ft npouCcKOAUT CHHKeHHE ObICTPOXOAHOCTH 
TYPOHHBI H pocT ee rabapHTos. oe vo - | . | 


col 
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Hao OTMeTHTD, WTO yBeJIHYeHHE YHCa JoNacTeh TpeOyer m0 KOHCTPYKTHB- 
Gin . 
D~ 
[Ipu 5TOM yMeHbIaeTCH MAOMLatb MpOXOAHOTO CeYeHHA JWIA TeYeHHA -BOJIbI H 
YBENHYHBAeTCA PaspeKeHve, a TOTOMY BbIHIpbIL OT yBeHYeHUA CYMMapHOH 
NIOWaq MONacTeH B-OTHOMCHHH YJIYYIWCHHA KAaBHTAWMOHHBIX KavecTB Mouy- 
uaeTca Hedoubmon. [lostomy xenaTebHO pH. paspaOoTke KOHCTpyKUHH pa- 
OouHxX KoseC C YBEJHYCHHbIM UHCJIOM JOMAacTeli CTPeMHTbCH K BO3MOXKHO 
MCHbIIeMY YBeCJIHYCHHIO BTYJIOUHOFO OTHOWICHHA. 

Ha puc. 1V.30 noka3aHb MpHMepHble 3aBHCHMOCTH 3nauenua O TIpH pas- 


HbIX BTYONHDIX OTHOWEHHAX OT NpHBeJeHHOrO pacxoya Q;-. Hanpumep, 
6 : _ ~‘TpH Q; = 1500 u BTy JOWHOM OTHOLIe- 
; ) HH dem = 0,35 KaBMTallMOHHbI KO9(p- 


PuuneHT Go = 0,25, a IpH dam = 0,67, 
o = 0,55, T. e. Gojee ueM B Ba pa3a. 
CneqopaTembuo, JIA YJIYYIMeHHA KaBH- 
TAUMOHHBIX KayecTB pa6ounx Kkovlec 
NOBOPOTHOJIONAaCTHbIX TYPOHH Hao 
CTP€MHTbCA K YMEHBbIMCHHIO BTYJIOU- 
HOrO OTHOLICHHSA. 
Puc. IV.30. 3apHcuMocTs KaBHTaljHoHHOro TomuMHy wonacteH In o6ecneue- 
KospuuvenTa OT BeNMYHHbI BTYONHOrO) Hi HavJIyuUMHxX SHEPTreTHYeCKHX H 
OTHOMCHH KaBHTAUMOHHBIX KavyecTB CilelyeT Ha- 
3HauaTb MHHHM@IbHO BO3MOMKHOH 0 
YCJOBHAM MpO4HOocTH. aa 3TOTO “HeOoOxolMMo yYTOUHeHHe KaK CaMHX MeTOJOB 
pacyeTOB JHHAMH4eCKOH HW CTATHYUeCKOH MpoOuHOCTH mOMacTei, Tak uv bakTHue- 
CKOrO pacnpenweseHHA THApOMHAaMHYeCKHX Harpy30K Ha JlIoMacTH MpH pa3- 
JIMUHBIX PCKHMAX PaOOTH! Ty POHHHI. 

Ha mponyckKuHyto cnoco6HOcTb Komeca H KaBHTallMOHHbIe KauectTBa OKa3bI- 
BaeT BIHAHHeE H CPOpMa KaMmepbI pa6ouero Kouweca. 

OG6bINHO 4UaCTb KaMepbl pa6ouero KOuleca, pacnOJOKeHHaA BbIMe OCH MOBO- 
poTa, BbINOMHAeTCA UMAHHApHueckou, -a YaCTh KaMepbl, pacnosOKeHHaA HIKE 
OcH — ehepnyeckon. STO o6ecneunBaeT MHHHMAJbHbIe WH MOCTOAHHBIe npH 
MOBOpOTe JOMacTeH 3a30Pbl, YTO NPHBOAMT K YMCHbINeHHIO Mporeyek, a cuie- 
MOBATeEJIbHO, K NOBbILICHHIO K. Ml. J. 
| Ccbepuueckaa WaCTb KaMePbI XapakTepUu3yeTCA AHaMeTPOM FOpPJIOBHHEI (D.), 
nocjle KOTOPOH HaYHHaeTCH KOHHYeCKHH y4acTOK, COMpAraeMblii c OTCaCbIBalO- 
meh Tpy6oH. 





HbIM coo6paxkeHiam HeKOTOporo: yBeIMYeHHs BTyJOUHOrO OTHOMeHHA 
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8. KAMEPA PABOUEFO KOJIECA TYPBHHbI 
C NOBOPOTHBIMH JIONACTAMH 


Kamepa pa6ouero Koseca c NOBOpOTHEIMH JIOMaCTAMH ABJIAeCTCA BawKHOH 
PyHLaMeHTHOH YacTbiO Malu. Cpepxy Kamepa. BepTHKaJIbHOH TypOHHbI 
NPMMBIKaeT K HMKHEMY KOJIbILY HanpaBsAloMlero almapata, CHA3y — Mepexo- 
WHT B KOHYC OTCaCbIBalouleH TpPyOnl. 

ONTHM@IbHbIH Tpodusb UpoTOUHOH yacTH MaIlIHHBI B 30He KaMepbl pa6o- 
yero KOJIeca NMOKa3aH Ha puc. IV.31. 

Ccbepnueckan 4acTb KaMepbl pacnpocTpaHseTcA BHH3 IPHMepHO Ha JIMNY 
JonacTH TIpH e€€ Ma@KCHM@JIbHOM pa3BOpoTe. 

L[waunapuyeckan wacTp KaMepbI paodouero Koleca XOTH HM BbISbIBaeT yBe- 
JHYCHHE 3a30POB M@K Ay KaMepOH UW JIONaCTAMH TIpH UX pa3sBOpoTe, HO 3aTO 
NOSBOJIAeT MPOH3BOAHTb MOHTAaK WH MCMOHTAK KOIeca 4Yepe3 BEPX KAMEDHI. 

B npaxtuke 3apy6exHoro Typ6ocTpoeHHA NIpHMeHANaCh KaMepa padouero 
KOJI€Ca, BbINOIHeEHHaA csepHuecKOH HW B BepxXHeH UaCTH OT OCH NOBOpOTa JIO- 
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nacteH... Jia. MOHTaKa. 4H .. 
J@MOHTaxKa KOeca ¢ Jloma- 
CTAMH.B BepXHeH 4aCTH Ka- 
Mepbl . IpeqyCMaTpuBaJIHCb. 
Mpope3H, 3AaKPBITbIe CbeM- 
HBIMH AHCTaMuv. [Ip emMoH- 
TaKe JIMCThI CHAM@AMHCb, JO- 
MacTH NOBOPauHBasuch Tak, 
uTOOLI NepHepHHHble ceue- . 
HHA pacnolaralueb BepTK- | 
KaJIbHO H. B T€aKOM BHJe KO- 
eco C JOMaCTAMH TOWHH- | 
MaJIOCb BBepXx. Oe 

OTJeIbHbIe | HCC1eOBa- 
HHA, NpOBOAMBINMeCA C HO- 
sycdepHueckOH  KaMepod, 
noka3saiH, TO BeNHUHHA 
WametTpa FopJIOBHHbl HHXK- 
HeH YaCTH KaMepbI OKa3bI- 
BaeT BJIMAHHe Ha 3HEprerH- 
yeCKHe H KaBHTAaHOHHbIe MOKa- 
3aTeIH TypOuHb!. Kpome. Toro, 
OHH 34BHCAT B HEKOTOPOH mepe 
OT ObICTPOXOJHOCTH: HW. OT THHAa 
Koneca [55]. . | 

B Typ6uHax MaJIbIxX: pa3MepoB 
H Ip HeOOJIbLIHX Hamopax MOXKHO 
NpHMeHATh Ooee Mpocryto WUJIHH- 
Apuueckylo KaMepy pa6douero Ko- 
meca. C yBemH4eHHem Hanopa 
(yMeHbUIeHHe  ObICTpOXOHOCTH) 
IleIeCOOOpa3HO HHX*KE OCH NOBOPO- 
Ta fl€pexOJuTb K cdbepHueckuM 
KaMepaM JIA YMCHbINeHHA MpoTe- 
weK H COXpaHeHHA K. Tl. A. 

Kamepa pa6oyuero  Koveca 
OObINHO OeTOHHPyetca B. KOHYyce 
cnMpanH. Koncrpykiua coppe- 
MCHHOH KaMepbl 
puc. IV.32. Ona cocrouT u3 He- 
CKOJIDKHX KOJIbILEBLIX eTameH 
(oscoB). PaHee 3TH nosca oTH-. 
BaHCb 43 cTamH. B nocneqHne 
rOJbI OHH J@laloTCA CBapHbIMH 3 
BaJIbIIOBaHHbIX HWJIH UITAaMIOBaH- 
HbIX CTA@IbHbIX JIMCTOB. B mecte 
PacnOJIOKeHHA NOMacTeH MpHMe-. 
HAIOTCA JIMCTbI H3 Hep2xKaBerouleh 


cTau WIM IByXcqoHHble. Bepx-. 


HHH Mosc. kKamMepbht 2 mpucoesn- 


‘HACTCH K HMMKHEMY KOVJIbILY Ha-. 


mpaBIAIoulero alnmapata / u CTa- 
Topy 13. Y ropH30HTabHoH 4acTu 
BepXHero. Mosca pacmouararwrtca 
MOMKpaTnr 172, nosBomstolue 


NOKa3dHa Ha. 


Dye 
| R,=0,5 0, 
if 


 Pue. IV.31. 
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1paBHJIbHO yCTaHOBHTb KaMepy. BHH3y K Kamepe mpHcoequHeHa o6H- 
WOBKa 5 H KOHHYeCKaA UaCcTb OTCacbiBalouleh TpyOn! 6. Huxuuh dave 
KaMepbl ONMpaeTcH Ha dyHamMeHTHbIe OakKH 8 C NOMOIINbIO KJIMHbeB 7. 
Ilonca 2, 3 u 4 coemMHaIOTCA Mey coboH: duanuamH. Czeqopa- 
T@JIbHO, B STOH KOHCTPYKUHH KaMepa COeMHAeTCA CO CTaTOPOM TYPOHHBI H 
BMecTe C HHM CO3aeT KOpMycC MpoOTOuHOH YacTH MalHHE. Jia ayumero 
COCJIMHCHHA C OeTOHOM H YBeJIHYeCHHA MECTKOCTH KaMepPbl Ha Hapy2XKHOH ee 
NOBEPpXHOCTH HMECIOTCA FOPH3OHTAJIbHbIe H BEPTHKaJIbHble peOpa. B 3aBHCHMOCTH 


7 24 OT pa3Mepa TypOHHbI ycTaHa-. 


( 


910900 BIIMBae€TCA KOJHYeECTBO MOACOB 
KaMepbl H pa3bemosB. B.- nen- 
TpaJIbHOH WaCcTH KaMePbI Npo- 
THB OCH NOBOpOTa MONacTeH 
MOKET npelyCMaTpHBaTbCcA 
CbeMHaA YacTh KaMepbI, KOTO- 
pan He GeTroHupyetca.- Ona 
(puc. IV.33) s3aKxpenmsetca 
CNeWHaJIbHbIMH OO/ITaMH. OTH 
OOJITLI MOryT ObITh OTBHHUEHHI, 
a Cb€MHaH UWaCcTb BBIJIBHHYTA 
B HHIIy, . WpexyCMOTpeHHy!o 
B KoHyce cnupamn. Jia Bhiema 
CbeMHOH YacTH KaMepbi (BbIeM- 
Horo cerMeHTa) BHH3y J10Ka 
NipeyCMaTpHBaIoTcCA = CIE ILH- 
aJIbHble Oa/iKH. BepxHun dva- 
Hell CbeEMHOFO CerMeHTa KaMe- 
‘PbI BbINOJIHAeCTCA KOHHYCCKHM 
JIA YHOOCTBAa ero JEMOHTAaKAa. 
? B lane HHH IIA JeMOH- 
——e NS TaKa CbheMHOTO CerMeHTa JIOJI- 


Re Ce K i _ I . *KHAaA HMeCTb pa3mMep B COOTBCT- 

Uy oe | ; ; CTBHH C JWIHHOK JOHACTH Pp a6o- 

| | uero Koveca.. Jia mpoxoya 
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ees K HHIUe mpelycMaTpHBaloTcH 
Fst yo -  oku. Bplcota. HHIUH BBbIGH- 
. oe aeTCA C yUeTOM pasMepoB Ma- 
Bec odKou nonacmu &=14m ea | mH Hi ROSMODKHOCTH OcyIte. 
Puc. IV.33. Cxema sBbiema siomacTH paG6ouero Koneca CTBJICHHA JICMOHTAKHbBIX ONe- 
B OTCAaChIBaloily10 TpyOy pallHH MO pa3beqHHeHHIO Je- 
oe : TaleH. | 

Ha puc. IV.33 nokasaHa cxeMa BbIeMa JIOMaCTH C MOMOI[bIO TAaKOTO J10KAa 
yepe3 OTCAaChIBalollylo Tpy6y. Jaa TypO6uH c AHaMeTpOM Koseca MeHee D, = 
= 4,0 m TakHe KOHCTPyYKUHH J@MOHTa@KHbIX HHI HeEOCYIIeCTBHMbI. Tak Kak 
J@MOHTAKHbIH JNOK AOJMKEH MpOXOJHTb Yepes BCIO TOMMIMHY KOHYCa cChupaaH 
H 10 YeTBEpTH ee NepHMeTpa NepepesaTb KOHYC, NMOITOMY KOHYC B 9TOM MecTe 
He MOXKeT ObITh HCNONb30BaH JIA yCTaHOBKH ONOPHbIX KOJIOHH cTaTOpa, 4TO 
yCNOKHAeT Nepewqayy Harpy3o0k dyHzamenTy. Ilo sToH npHunHe NpHmMeHeHHe 

W0Ka JIA HeEOOMbUMX TYPOHH Hellerecoo6pa3Ho. | | 
Ha pue. IV.32 nokasaHa NpHMeHAeMas B HACTOAILee BPeEMA KOHCTPyKIUUA 
He6obiuoroe.cbemHoro w0Ka 10 B KamMepe pa3mMepom 700 x 700, KoTopBIi 103B0- 
JIA€T B CJLy4ae HEOOXOIHMOCTH MpOH3BOAHTb PEMOHT HAPy2KHbIX KPOMOK JIoMa- 
cTeh. JlocTyn K JOKYy OCYINeCTBAMeTCA CO CTOPOHbI CNUpaAbHOH KamMepbl yepes 
npoxog /7. Kamepa ycTranHaBauBaeTca B OTBepcTHe (yHAaMeHTa NOW 3aIMBKy 
BTOPHUHbIM O€TOHOM C TIOMOLLbIO TasIpenoB 9 4 JOMKpaTOB, KOTOPbIMH WeHTpH- 
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pyetca H packpenssetca. JIA OHOH H3 BbINOIHeEHHBIX B CCCP typ6uH Ka- 
Mepa paOouero KOeca KOHCTPyYKULHH, aHasIOruyHoH puc. IV.32, umeet cemyio- 
ume pasmMepbi: D, = 9500; D, = 11 500; h, = 620; h, = 1826; hg = 2234; 
h, = 240; s = 30 (B Tom 4HCJIe HepxKaBelolulan CTalb TOMUIHHOK 4 mm pH 
BYXCOHHOM MaTepHae), TaJIpelbl HMCIOT pasep M42, KOAMYeECTBO ONOPHBIX 
6anOK WH WOMKpaToB no 12 mT. 

[Ipu HeKOTOpbIxX KOHCTpyKUMAX KaMepa paOouero Kovleca He OeTOHHpyertca 
H WpuKpensaetca K PyHJaMeHTHbIM YacTAM OonTamMH. Takaa KOHCTpykKUMa 
NO3SBOJIHT OCYILECTBHTb BbIEMKY KA4MEPbI, HalipHMEP, JIA PEMOHTA, HO 3aTO 3Ha- 
YHTENbHO YBEMUMBAeTCA BEC NeTaIH STOTO y3ma. Hostomy 5 3Ta KOHCTPYKUHA 
He MOMKeT CUHTATbCA PallMOHaJIbHOH. 

Ha pmuc. II. 23 u4 11.29 noka3aHbl BapHaHTHl KOHCTPYy KUM Kamepbi pa6ouero 
KOeca. 


Koubore BoGnerus p=const 
u HaZ5m U Hy=-2,02m 
(no noezonbapu. monomempy ) 


STonacme NY, STonacino N°, 


{ 
| 


f 





Puc. IV.34. MruopeHHoe pacnpejeseHHe JaBleHHA Ha yuacTKe 
| KaMephl pa6oyero KOvIeca 


Kamepa pa6ouero koveca nolBepkena aelicrBuio M@peMeHHHIX CHJI, KOTO- 
pbie BOSHHKaIOT TIpH BpallleHHn pa6ouero Koleca BCNENCTBHe YepehOBaHHA 
NOBbINICHHBIX HM MOHH2KCHHBIX JaBJIeHHH. 

Uactota mepHoyquuecKHX H3MCHeHHH aBJIGHHH B TOUKAaX Ha CTCHKAX Ka- 
Mepbl paOoyero Koseca OyfeT paBHa | 

k — 7 cl{, 
rye n— uHcA0 O6OpoToB TypOHHbI B MHHYTY; 

Z, — 4HCIO MONacTeH pa6ouero kovleca..— 

B. C. KBATKOBCKHH.NpOBOAHJ HCCAeQOBaHHA pacipexeseHHaA AaBJICHHA 
Ha KaMepy MOJemH pa6ouero KONecCa Np pa3HbIX yrmaxX yCTaHOBKH J1OTa- 
cre [39]. Srumu ucceqOBaHHAMM yCTaHOBJeHO, 4YTO BeIHYHHA aGcOsOTHOFO 
aBJICHHA, JeEHCTBYIOWeroO Ha KaMepy, MOMKET MPeBbIWAaTh CTATHYECKHH Haliop. 
MakcuMaJibHoe HW MHHHMAJIbHOe JaBJIeCHHA Mp BcexX pexKHMaX ObLIO 3aMepeHO 
He Ha KOHType Hpousia WoMmacTH, a Ha HEOObUIOM PacCTOAHHU OT Hee. Sona 
MAaKCHM@JIbHOrO JaBJICHHA JIEKAHT HEMHOFO BHIWIe OCH NOBOpPOTa JOMAaCcTH, a 
30Ha MHHHM@aJIbHOTO AaBJIEeHHA — HHwKe ee. XapakTep MIHOBeHHOrO pacipe- 
ReNeHHA aBNeHHH Ha ydacTke KaMepbI paOoyero Kovleca B MOMeHT HMpoxomle- 
HHA JaHHbIX JIOmacTeH moKa3aH Ha puc. IV.34. 

Kone6aHun aBJIeHHH MOryT BBI3bIBaTb pacllaTbiBaHHne ‘Kameppi padouero 
Kosieca. Uem Bbillie Hallop, TeM aMIVWIHTya KoNeOaHuh Gombe. Dro ocobeHHO 
O1acHo Js TYpOHH OOJIbLUHX Pa3sMepoOB, Y KOTOPbIX NO yCJIOBHAM TPaHCHOpTu- 
POBKH KaMepa BbIMNOAHAeTCA OObIMHO COCTABHOH U3 OTICIbHbIX CeEKTOPOB, 
COC¢IHHEHHBIX B BEPTHKAJIbHOH H TOPH3OHTAJIbHOH MJIOCKOCTAX djaHiamMH 
c 6oTaMH. BoJITbI CTBIKOBLIX COe@IMHeEHHH. OyAyT HOABepraTbcaA NMepeMeHHbIM 
Harpy3Kkam. Ilosromy pH MpoeKTHpOBaHHH KaMepbl padOouero Kovieca HeOO- 
XOIHMO OOpaulaTb BHHMaHHe Ha OO/TOBbIe COeCMHHEHHA CerMeHTOB KaMePpHl. 
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IIpu ycTraHospke Kamepbl B GeTOHHOM MACCHBe HYKHO OOpallaTh BHHMAaHHe 
Ha Xopollee coesHHeHHe Kamepbl c OeToHOM. [Ipu 3TOM HeOOXOAHMO HMeTb 
B BHy, YTO OeTOHHPOBaHHe KaMEPbl BTOPHYHbIM O€TOHOM OObIYHO MpOH3B0- 
JWHTCA Moce COOpyKeHHA KOHYCAa CNHPaJIH B YCJIOBHAX CTECHECHHOLO MpocTpau- 
CTBa BOKpyr KaMepbl C HeEJOCTATOYHOH MpoOpaooTKOH BTOPHUHOrO GeToHa. 

M3 onpita 9KciwyaTawHu rHApOTyp6HH M3BeCTHHI Cly4aw aBapHH Cc Kame- 
pamu pa6ouwx Kovlec BCeyCTBHe HX pacliiaTbIBaHHA MW CBHTa c MeCTa yCTa- 
HOBKH BO BpeMH padoTh TypOuHI. Takue aBapHi BBISbIBaIOT JHTeJIbHYIO 
OCTaHOBKY arperaTa H TpeOyloT OObINHX 3aTpaT JIA NPHBeAeHHA TyPOHHbI 
B nopsagzoK. Hanpumep, Ha oOfHOK 43 rHApocTaHWMH, OOopyOBaHHOH ruyApo- 
TypOuHaMH C AMaMeTpOM Kowec D =9,0 m, momHoctbio N = 70 000 xem, 
aBapuHa c KaMepoH padouero kKovleca BbI3Bala TpexMeCAYHEIL MpocToH arpe- 
rata u morepio 2,17 MApy. m° BOJb, 9KBHBaeHTHOH 75 MAH. Kem 3JIeKTPO- 
a9HepruH. Ha peMoHT TypOHHHOH Kamepbl OplI0 saTpayeHo 6000 4eul.-qHeH 
mpH KpyraocyTOuHOH padoTe mepconauia. 

CHBH2KKa CefMeHTa KaMepbl OblJla BLISBaHa IVIOXHMH KaueCTBaMH BTOP H4- 
Horo O6eTOHa, KOTOPbIM 3a/IMBaJlaCcb KaMepa llocyie ee MOHTaKa, HW HeocTaTou- 
HOH CBH3bIO KaMepbI C M€pBHUHbIM O6eTOHOM. Y XyAUWIeCHHe CBA3H KAMEPbI CO BTO- 
PHUHbIM 6eTOHOM MOXKeT CHOCOOCTBOBaTbh GHJIbTPalHH BOI H3 HallopHou 
KaMepHI-CIiHpaJW B 30HY MOHHWKCHHBIX JaBJIeHHA Noy pabouee Kosleco. PHIb- 
TpalluA OCOOeHHO ONaCHa B 30HE ACMOHTAXKHOLO J10Ka, Pe IyTb PHIbTpalHn 
HaHOoslee KOPOTKHH, BOXa MOKET pa3MbIBaTb OeTOH, BbIMMeIauMBanA HW BbIMbIBAaA 
u3 OeTOHa COJIH, WH HapyllliaTb KOHTaKT KaMepbi c GeToHoM. IlosToMy B TaKHX 
cayuaax HeO6XOAHMO ycTaHaBJIHBaTb OOJIHILOBKH, npemartcrs yioutHe (pHJIbTpa- 
HH BOJBI. 

IIpu BINOJHeEHHH GeTOHREIX pa6or Hy2KHO o6pamatb BHHMaHHe Ha Ka- 
YeCTBO MPHTOTOBJI@HHA BTOPHYHOTO OeTOHa, eFrO KOHCHCTeHIIHIO, KaY¥eCTBO 
ykKulaqKH H CBA3H C OCHOBHBIM OeTOHOM. 

B mpomecce sKciwyaTalluH KaMepbl paOouero KOJIeca NIpH peBH3HAX CuJe- 
LYeT KOHTPOJIMPOBaTb HX CBA3b C OETOHOM H MIPpOH3BOAMTb WeMeHTAaIHI0 KaMep 
*XHIKHM WCMCHTHbIM PaCTBOPOM, HarHeTaeMbIM HaCOCOM B 30HY BTOPH4HOTO 
OeTOHA, 4“epe3 CHellHasIbHble OTBEPCTHA B Tee KaMepbi. 

Onurr CO3].aHHA CBapHbIX KaMep KPyNHbIX TYPpOHH NOKasaJl, UTO y TaKHX 
KaMep MOXHO flake He OOpa6aTbIBaTb BHYTPeHHIOIO MOBepxHOcTb. |aKHM 
o6pa3s0M, MIOMHMO YMeHbIIeHHA Beca PH HCMOb3OBAHHH CBapHbIX KaMep, 
YMeCHbINaeTCA H TPYJOCMKOCTbh HX H3FOTOBJICHHA Ha CTaHKax. ~ 

B mpakTuke ruy{poTypOocTpoeHHA M3BeCTHbI CyyaH MPHMeHeHHA KaMep 
paGouero Kosleca H3 4UyryHa C OOHUOBKOH UX BHYTPeCHHeM MOBEPXHOCTH CTAJIb- 
HbIMH JIMCTaMH, YKPeMJIeHHbIMH Ha KaMepe BHHTAaMH C KOHHYeCKON TOJIOBKOH. 

Takue KOHCTPyKUHH ce6A He onpaBasiH, TaK Kak BCJIeACTBHe NepeMeHHOH 
Harpy3kH, JeHcTBylolleH Ha CTeHKY KaMepbl, JIHCThI O6MNOBKH BHOpHpyir, 
KpelieHve BHHTaMH ocja6eBaeT HM JIHCTHI OOpbIBalOTCA, a HeOOJIMILOBaHHaA 
“yryHHaad NOBeEpXHOCTb KaMepHbI ObICTPO pa3spyllaeTcA OT MleeBOH KaBHTallHH. 


9. OTCACbIBAIOWJHE TPYBbI 


O6ujne Danube 


OrcacbiBarollan Tpy6a peakTHBHOH TYPOHHbI CJyKHT JIA OTBOa BOI 
H3 TYPOHHbI B HHKHHH Obed Cc HAHMEHDIUNHMH NoTepaMH. Ona NOsBONAeT TAaKKE 
pacnoOJlaraTb KOseCO BbIle HHKHerO Opeda, YTO HCKNOUAeT NOTepio Halopa. 
Iocne Brixoa H3 KOseca Boa OONalaeT elle GOMbIIMM 3aNacoM KHHeETHYeECKON 
3Heprun. Orcacbipalioulad Tpy6a MOsBOAAeT NOJle3HO HCIMONb3OBaTb 3HaYH- 
T@IbHY!IO YaCTb STOH ZHEPIHH. OTO NPOH3BOAMTCA 3a C¥eET JONOMHHTEIbHOTO 
paspexkeHHa 3a paOouHM KOJIeECOM C NOMOMIbIO OTCAaCbIBaloIeH TpyObl, BbIMOJI- 
HeHHOH B dopMe NatTpyOka — Audpy3sopa, Cc NOCTOAHHO yBeJIHYHBAaIOWHMHCA 
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MNONWepeuHbIMH CeyYeHHAMH. BplxoaHble CKOpOcTH TeYeHHA 2KHAKOCTH H, cmeqo- 
BaTeJIbHO, BbIXOJHbIe MOTePH CHHKAIOTCA. 
OppekTHBHOCTh paOoTH! OTCacbIBalouleH TpPyObl MOET OLITE onpeqereHa 
H3 paCCMOTpeHHA padorTbi TYpOuH 6e3 OTCaCbiBaloleH TpyObl H C HELO. 
BeswuvHa yJeIbHOH 3SHeEprHy nepen pa6ouHM KOJIECOM B COOTBeTCTBHH 
c puc. IV.35 6yneT paBHa 


£,= =P. 4 Hy + Hy — hn 


rie h,— notrepu B OTBOJAWIHX YyCTPOHCTBAX. 
Bennuuna sHepruH Ha BbIXOMe H3 paOouero xkoueca papa 


E,= + H+ 5: | ZYBb 


—————— 








CieloBaTeJIbHO, HCnoOuwb3yeMaA 
B pa6ouem KOsece 3HeEprHA paBHa 


AE = E,— E,= £2 +- __I 


LA . 
Po 2 , Wigs Fe WML i 
avi} 


—— 
—— 
————<— 


ly 





My 


4+H,—2 — %—h,. — (IV.53) 
Y 2g 


IIpuH oTcyTcTBHH OTCacbIBaloller 
TpyObi AaBnenue ~2 wa Bblxone Hg 
| ¥ , 
paOouero KosIeca OyJeT paBHO aTMO- 


cepHomy H dopmyuia (IV.53) 6yner 
HMeTb BHA 





/ 2 
U : . ot 
AF, = H,— ea +. hn] . (IV.54) Puc. IV.35. Cxema mpoTounol uactH Typ6HHBI 


CieqOBaTeIbHO, TIPH OTCYTCTBHH OTCAaCHIBaloOlleH TpyObl UCMONb3syeTca 
TOMbKO YaCTb NOJHOFO CTaTHYeCKOTO Hanopa, paBHaA paccTOAHHIO Kovleca 
OT BepxHero Obetha, H, KpoMme Toro, TepserTca oHeprs NOTOKAa, BbIXOLAero 
c paOouero kKoweca. 

IipH HammMunH oTcacbiBaloluleh TpyObi BeIMUHHAa JaBseHHA B CeyeHHH 3a 
paOouHM KOJIeCOM OnpeweineTcA H3 ypaBHeHua BepuHysin, cocTaBJeHHoro 
aia ceyenna 2 un 5 (puc. IV.35) 


p p v5 | Us | 
2 — a __ _—_ L | . 
rqe h,— noTepH 9Hepruu B oTcacpIBaloMeh Tpy6e. IloacraBuB 3Ha4yeHHe > 


B (opmyuly (1V.53), 6yaem HuMeTB 
AE, = (H, +H.) — (3 + him + hn) . (IV.56) 
CpaBHuBaa 3Ty dopMysy c dopmyson (I1V.54), yBuqHM, 4TO pH oTcacHI- 


BawlleH TpyOe HCNOMb3yeTca TakxKe Hanop H., paBHbIit BbICOTe pacHONO*KeHHA 
2 


v 
kovieca Ha] RW2KHHM Obedom. Ilorepa ¢c KHHeTHYECKON oueprued nmoToKa oe 

vj 
BhIXOMAMero H3 OTCaCbIBalouleH TpyObl, OyAeT 3HAYHTebHO MeHDbIe, 4eM 3g 


B TIpelbiqyulem clyuae, TaK Kak OTCaCbIBaloulad Tpy6a BLINOAHAeTCA B BH 
Au@py3opa. OGbLMHO OTHOIMeHHE MIOWazeHh BXOAHOrO H BbIXOJHOTO ceyeHHnh 


MI PpHHUMAIOT PaBHbIM fh = = = 0,25~+0,35. 
; : 
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[Ipu TaKHX COOTHOWeEHHAX MouULagqeH NoTepuH 9HEPIHH Ha BbIXOJe M3 OTCa- 
ChiBaloleH TpyObl cocraBstoT Bcero 6—12% oT NOHO BeIHIHHI KHHeETHYE- 
CcKOH SHEP NOTOKa Ha BbIxXOMe 43 padouero KOseca, a OO/bIaA YaCTb M0- 
clleqHeh HcnombsyeTcs. oTcacbiBaiomelt- TpyOou, OaroqapaA uemy nosyuaerca 
RONOMHHTeIbHOe paspexKeHHe 10, KOMeCOM,. paBHoe no dopmyuste (IV.55) 


Poux U3 U5 
mat (8 .4,), aves 
Jia XapaKTepHCTHKH KauyeCTBa OTCaCbIBalOWleH TpyObl NOb3yIOTCA 3Hade- 
HHeM BeJIHUHHbI KospPpulneHTa AMpy3opHocTH HAH KOIpDPHUNEHTOM BOCCTAa- 
HOBJIeHHA TpyObl. KoadpuuvenT BOCCTaHOBJIeHHA TPyObl XapaKTepH3yeT OT- 
HOWEeHHe THHAMMYeCKOTO pPasperKeHuA, KOTOpoe hakTHYeCKH NoMy4aeTCA BO 
BXOAHOM CeYeHHH OTCaCcbiBalolleH TpyObl K AHHAMHYeCCKOMY pa3perKeHHio, 
KOTOpoe MOrJIO Obl HMeETb MeCCTO B HAeasIbHOM CJlyuae Ha BbIxXOse H3 KOVeCA: 








2 
Pour U5 ( Us 
Pour -—-—|{_2 1h, | 
2 2 
tone = 1 = 2g Ng * Pe) av.59 
U9 Up 
| 2g 2g 
HIN 
| U-—2g h - | 
Nome = — — ° . (IV.59) 


B CBA3H C HepaBHOMEPHOCTbIO CKOPOCTH MPH TEYEHHH 2KHAKOCTH B OTCACKIBAaIO- 
eH Tpy6e Oosee TOUHO Yom, OTCACbIBaIOWeH TPyO6bl NOACUUHTHIBaeTCA 110 /pop- 


Mywe | 
J a Uog2 dF 


Nome = , (1V.60) 


[zeae Vaz dF 


CireloBaTebHO, AIA yoLyuleHHa Koadpuyneuta BOCCTAHOBJICHHA OTCA- 
cbiBalomeH TpyObl HalO CTPeMHTbCA K YMeHBbIIeHHIO BBIXOMHOH CKOPOCTH U; 
WJIM K YBeJIHYCHHIO BbIXOAHOFO CeYeHHA OTCAaChIBalouleH TpyOn F;. 

OKCHEPHMEHTAaJIBHbIe HCCeEOBaHHA MOKa3bIBaIOT, YTO MOTOK Ha BbEXOse 
M3 paOoyvero KOJIeCa IPH MHOTHX peo*KHMaX ABJIACTCA HE OCEBLIM, a MOKET OBITS 
3aKPYYeHHbIM, MPH 3TOM TaHTeHIWMaJbHble CKOPOCTH JOCTHIaloT Ha HEKOTOPHIX 
pexumax 50% MepHaMasbHEIxX cKopoctefi. Kpome Toro, BAOb pasuyca TaH- 
reHWHabHble CKOPOCTH MOryT H3MeHATECA Ha 20—30 % 

OKCIEPHMeCHTAJIbHBIMH HCCJIeOBaHHAMM TaKXKe yCTaHOBJIeHO, 4YTO HepaB- 
HOMEPHOCTbh MOTOKa HaOJOWaeTCA He TOAbKO 3a pa6O4HM KOJIeCOM Ha BxoJe 
B OTCACbIBAaIOLILy!0 TpyOy, HO H B CaMoH TpyOe. Oco6eHHO BeHKa HepaBHOMep- 
HOCTb NOTOKa B BbIXOXHOM Ce4YeHHH MPH H30rHYyTbIX OTCACbIBaIOULHX TpyOax, 
TaK KaK B HHX Ha NOTOK JONOJHHTeAbHOe BJIMAHMe OKa3bIBaeT KOeHO. Uem 
OobIue HepaBHOMePHOCTb CKopocTeli Mo TonmepeywHbIM CeyeHHAM OTCacbIBalo- 
uleH TpyObl, TeM Gombe NOTepH B Heil. 

CreneHb HepaBHOMepHOCTH pacnpeneneHua cKopocteii xapakTepus3yerca 
KOsPuUHeHTOM Kopuounca Rk, KOTOPHI paBeH OTHOUICHHIO cbakTH4eckon 
yHesIbHOM KHMHETHUeECKOH SHEPIHH aHHOrO ceyeHHA K YAeAbHOM 3HEprHH, 
BLIUHCJICHHOH NO cpeqHen CKOPOCTH JIM TOTO 2%e Ce€ueHHA, T. e. 


{ v?u, dF 
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Kosddpuunent Kopnoanca Rk, AA BbIXOMHOrTO CeyeHHA BCerga GobuIe 
e€NMHHMIUbI. OH 3aBHCHT OT POPMbI ONacTeH pabouero kovieca, opmpt Hi | pasMepOB 
OTCaCchIBalOlleH TpyObl H pexKuMa padoThl TyYpOHHHI. 

JIA HW30rHyTbIX OTCaCbIBalOlHX Tpy6 BCJIeqCTBHe HaJIMYHA KoOWeca Rs 
Gombe, YEM JIA TIPAMbIX KOHHYeCKHX TPy6. Ilo ONbITHBIM JaHHBIM BeJIH- 
uHHa ky IPHHHMaeTCA CeLyIOUleH: 


Jia MpAMbIX KoHWueCKHX Tpy6 .... _ wee ew ee Kg = 1,241,5 
» H30PHYTHIX Tpy6 npu KOMOHHAaTOpHHIX pexkKHMax .. . . »Kg==1,5-+2,5 
» » » » HeKOMOHHATOPHbIXx » .. . « « K;=3,0+6,0 


Ha pue. IV.36 noka3aHbl 3HaveHHA JeHCTBUTeJIbHbIX cKopocteii B BbIXOJ- 
HOM Ce4eHHH M3O0rHyTOH oTCcacbiBalolleH TpyOLl, 3aMepeHHBIX Ha MOJeJIbHOH 
yCTaHOBKe MOBOPOTHOMONAaCcT- — gq) 

HOH Typ6uHH B. C. KeatKos- 
ckum [40]. Ha pucynxke mpen- 
CTaBJeHbl KPHBbIe PaBHbIX CKO- 
pocreH B BbIXOJHOM ceueHHH 
oTcacbIBaiouleHhH TpyOL mpH 
AByYX pexKHMAaxX pa6oTH Typ- 
OHHH: 

1) pexkHM, COOTBeTCTBYIO- 
UHH MaKCHM@aJIbHOMy 3Haue- 
HHO K. 1. ., BWeHTpe Xapak- 
TepHcTHKH pH Q;~=1000 «/cex 
(puc. IV.36, a); 

2) pexkuM Cc Ooubulen Mpo- 
NYCKHOH cnocoOHocTbIo TypOu- 


HbI pH Q; = 1700 a/cex B upa- 
BOH 4aCTH XapakTepHCTHKH 
(puc. 1V.36, 6). 

Ha rpapukax moKka3auHbi 
CKOpocTH B M/ceK, OTHECe@HHBIe , 
K 1 m uwanopa. H3 rpacduKa Puc. 1V.36. OmopEr ckKopocteii nMoTOKa, OTHeCeHHIe 
BHAHO, WTO AME LIA peXKHMA, lw NERO tN te mnie: Coos 
nokasaHHoro Ha puc. IV.36, a, nIpH pagouen KOJIece meBoro Bp aljeHHs) 
COOTBETCTBYIOWEroO OTHMAJIb- 

HOMY 3Ha¥eHHIO K. Ml. X., MOTOK:' Ha BbIXOJe U3 oTCacbIBalolMen rpy6u 
Kpawue HepaBHOMepeH. OCHOBHaA UaCTb BOBI TpOxOAHT uepes JIeBy!0 
HH2KHIOIO YaACTb Ce4UCHHA, CCH CMOTPeTb Ha BbIXOAHOe cCeyeHHe OTCAaCHI- 
BalouleH TpyObl CO CTOPOHHE HWKHerO Obeda, T. e. MpOTHB ceueHHA. 
IIpapan BepXHAH WaCTb CeYCHHA pH 3TOM He padoTaeT, B HeH OOpasyerca 
«MEPTBaA 30Ha», 3A€HHMAIOWLaA OKOJO ONHOHW YeTBePTH BCeH MIOWAaN BbIxXO]- 
Horo ceyenua. HauGoabmtee 3Hayenne CKOPOCTH TIO Ce4eHHIO B JIEBOM HHKHEM 
YIAY Us max = 0,65 m/cexk, IpH CpeHeM 3HAYeCHHH CKOPOCTH U,,7 = 0,365 m/ceK. 

SHayenne Koadbdbunnenta KopHonuca Avid paccMaTpHBaeMoOro pe?vKHMa 
k, = 2,16, T. e. 9Heprua, TepxeMan TyYpOHHOH C yxOAAWeH H3 OTCACbIBalollen 
TpyGnt Boo, B 2;16 pasa Gombe sHepru, KOTOpad Tepaacb ObI Ip PaBHO- 
MepHOM paciipejeleHHH ckopocreH mo ceyeHHioO. HepaBHOMepHOCTb ToTOKa 
HaOmolaiach H MpH MCCeMOBAaHHAX Ha BCeX pexkuMaX paOoTH TYPOHHHI. 
Ha peoxkKHMe C MaJIbIMH paCxOaMH BbIXOAHOe ceyeHHe paOoTaer Ooulee PaBHO- 
Me€PHO, MepTBbie 30HbI B 3TOM Cily4ae J1H6O OTCYTCTBYIOT, JIHOO 3aHHMAIOT Ma- 
AYyio NAOWAaTb. | | 

IIpwH yBemmueHHu pacxona yepes TypOuny, pH pa6oTe B MpaBoH yacTH 
XapaKTepHCTHKH HepaBHOMePHOCTh CKOpOCTeH YyBeJIHYHBaeTca, pacrTer roo 
uuuent Kopnonuca. STo wsmOcTpHpyetca KpHBbIMH Ha puc. IV.36, 6 
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B 9TOM Cilyuae MepTBad 30Ha Tepemellaetca B WeHTp ceyenua. Tlorok npuxo- 
JIMT B OCHOBHOM TOJbKO 4epe3 HpaBylo H MeBy!O YacTH ceyeHHH. | 

MakcuMaJIbHad CKOPOCTh B JI@BOH YaCTH CeYCHHA PABHA Usmax = 1,3 m/ceK. 
Kosdobunnest Kopvomuca ysein4uBaetca Jo k = 2,6. Ilo qaHHbim 9THX Ke 
HCCJIelOBaHHH, HepaBHOMePHOCTb NOTOKA OCOOeHHO BO3pacTaeT IIpH HeKOMOH- 
HaTOPHbIX Pe@KHMAaX, AIA KOTOPHIX KOSXppuuHeHT KopHomnca FocTuran k = 
= 7,4, a MepTBad 30Ha — NOAOBHHY BbIXOMHOrO Ce4YeHHA OTCAaCbIBaIOUleH 
TpyOut. 

Aga yAyauieHuHa crpyKTypbI noToKa B OTCaceIBatetileli Tpy6e u yMeHbIIeHHA 
HepaBHOMePHOCTH CKOPOCTeH NPOH3SBOAHAHCb NOMbITKH BbIPAaBHHBaHHA MOTOKA 
IlyTeM YCTaHOBKH B KOJIeHe OTCAaCbIBalouleH TpyObl HallpaBIAIOWNHXx peep. 
OgHako HCCJIeJOBaHHA OKa3aJH, 4TO TakHe pe6pa AOJIMKHbI ObITb MOBOPOTHbIMY 
H M€HATb CBOIO YCTaHOBKY B 34BHCHMOCTH OT pexkuMa paooTh Typ6uHbI. Co3za- 
HHe TaKHX MOBOPOTHBIX peOep pH SombMINX raOapHTax OTCAaCbIBalOIHXx Tpy6 
CNOKHO. Pob OTCaChIBAIOIHX Tpy6 AAA TypOHHbI pasHol ObICTpOXOMHOCTH 
HeOwHHaKOBO. Bowee BaxkKHYIO pOJlb OHA HIpaeT Y NOBOPOTHOJONACTHHIX TYyp- 
OHH. STO BHAHO H3 COMOCTABJICHHH 3HaAYeHHH KHHETHYeECKOH SHEP Ha BBI- 
xole 43 pa6oyero KONeCa 1A TYpOHH pasHou OLICTpOXOAHOCTH, o6/1a aol x 
COOTBeETCTBCHHO pa3HOH MpoOlycKHOHM cmocoOHOcTbIO: NpH Qi = 2200 = 

2 
+ 2400 alcen5= = — 40-50% or HA: npn Q; = 200 alcex oe = 0,5 + 
+1,0% oT H. . 

EcrecrsenHo, uTO B TepBOM cJlydae NpH NOBOpoTHOJONacTHolt TypOuHe 
pOJlb OTCaCbIBalOlleH TpyObl 3HAYHTeJIbHO BarKHee, 4emM BO BTOpom. IIo onpiT- 
HbIM J@HHbIM JIA CYULECTBYIOWWHX opm OTCaCbIBalOllH x Tpy6 KodsdpuIHeHT 
BOCCTAHOBJICHHA paBeH: 


Jina mpsamoocubix Tpy6 . . 2... 2. ee eee ee) ome =0,75+-0,85 
» H30PHYTbIX » Poe ee ee ee ee ee) Nome =0,64-0,75 


OTHOCHTeJIbHbIe NOTepH B OTCacbIBalouleH Tpy6e, OTHECeHHbIe K Hallopy 
TYpOHHbI, OyAyT paBuHbl 


him + 5 
bm = 


YuutTpBad dopmysy (1V.50), nosyuum: 
U5 03 
hn + 9g = (1 — Nome) Be? 
oO 02 (IV.61) 
Sin = (1 — Nome) 5577 saa” 


CreqoBaTebHO, BeJIMYHHa MOTePpb B OTCACbIBalOnleH Tpy6e 3aBHCHT OT KH- 
HeEMaTH4eCKOH 3HEPrHH noToKa. Uem Ooubuie pacxoy, Tem Oobuie OyAyT Mo- 
TepH B Tpyée. 

Ilo yaunem HU. 9. OTuHbepra, Np Kospulnente audby30pHocrn Nome = 
= 75% morepu B orcacpiBaioulen Tpy6e OyAyT: 


Jina NoBOpoTHOMoNacTHEIxX TypOwH . . 2... 1. .) Em=10+12,5% 
»  pal|\HaJIbHO-OCeBbIX » Doe ee ee ee we Eg =0, 12-0 20% 


Cumxenne KoappHnHeHta Audpy3ZOpHOCTH Yom, Ha 10% MoxeT MpHBecTH 
K YMeHbUIeHHIO K. TI. I. TYpOHHbI Ha BeJIM4UHHY: 


Jif MOBOPOTHOMONACTHHIX TYPOHH . .......... 4—5% 
» pajJlMaJIbHO-OCeBbIX » Se ee ee ew ee ~©6©0,05—0,1% 
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TlosToMy lIpH MpoeKTHPOBaHHH NOBOPOTHOMONACTHBIX TYPOHH HeEOOXOHMO 
oco60e BHHMaHHe yeATb BompocaM BbIOopa PopMb! oOTcacbHIBalolleH TpyOnt. 
Ee raOapuTbl JOJOKHbI ObITb AOCTATOUHbIMH JIA OOecMeYeHHA MAaKCHMaJIbHO 
BO3MOKHOrO KOSPPHUHeEHTa BOCCTAHOBJeHHA TpyOnl. Jia pazHasbHO-OCeBbIX 
TYpOuH, OocoOeHHO Np cCpeqHHX H BBICOKHX Hallopax, pOJlb OTCacbiBalomleH 
TpyObl C TOUKH 3peHHA K. Il. A. TYPOHHbI 3HAUHTeBHO MeHbIIIas. 

B cBxA3H C TeM, 4TO CTpororo pacueTa TeEYeHHA MKHAKOCTH B OTCAaCcbIBalolleH 
Tpy6e HeT, JIA OnpenemeHuaA pasMepos H (pOpMbI TpyObl MOMb3Y!OTCA WaHHbIMH 
3IKCHEPHMEHTAJIDHbIX HCCC AOBaHHH, MPOBeAeHHbIX Ha MOJeJAX B naGopaTopHuAx 
HM B HaTypHbIX yCJIOBHAX. 

OIKCHepHMeHTaJIbHbIe HCCeEAOBaHHA MOJeNeH OTCaCbIBaIOWLMxX TpyO Nosy- 
UHH OONbUICe PacpocTpaHeHHe B CBA3H C WIHPOKHM TpHMeHeHHeM OBICTpPO- 
XOAHbIX THAPOTYPOHH C MOBOPOTHBIMH JONacTaMH. C OHO CTOPOHBI, OT POPMBI 
H Pa3MepoOB OTCACbIBaIOLHX TpyO 3aBHCAT SHeEpreTHyecKHe NOKasaTeu TYp- 
OHH, ac Apyro# cTOpoHsbl, rayOuHa oTcacbiBalomleh TpyO6bl OKa3biBaeT CyIte- 
CTBCHHOe BJIHAHHeE Ha OObEM CTPOHTeJIbHbIX pa6oT NOABOAHOHM uacTH 3aHHA 
rHApocTaniwh UH, CJeOBaTebHO, Ha CTOMMOCTb coopyxenHHaA TOC. 

EctecTBeHHoe Tpe6oBaHHe MpOeKTHPOBLHKa — YMeHDbIUHTb OOBEM CTPOH- 
TCJIbHbIX pa6boT — NpHBOAHIO K HEOOXOAHMOCTH IIPHMeHeHHA MasorabapuTHElXx 
OTCaCbIBalOWLUX TPy6, a STO CHHKaNO 9HepreTHyeCcKHe NOKa3ZaTeNH TYPOHHET, 
oco6eHHO NpH POpcHpOBaHHbIX pexKUMAaX C OO/JbUIHMH yJebHbIMH pacxoaMH 


BOLE Qy. Ilostomy ip Bpl6ope pasMeposB OTCacbiBalowWlux Tpy6 AAA KaxKou 
KOHKpeTHOH YCTaHOBKH, OO6OPpyAOBaHHOH TypOHHaMH C NOBOPOTHBIMH JoMma- 
CTAMH, NPHXOAHTCA HaXOAHTb WesecooOpa3sHoe pellleHHe Ha OCHOBe 39KOHOMH- 
YeECKHX NOACYETOB, YAIHTHIBaIOWLHX TaK%*Ke PexXHM paGoTh THApocTaHHH, rpa- 
HKU Harpy3KH, MOLWLHOCTH SHEProOcHCTeMbI! H T. Il. 

Takwe TeXHHKO-9KOHOMHYeCKHE MOACYETLI MPOH3SBOAAT MpOeKTHPOBILUKH 
THApOcTaHUHH VIA pa3HbIX BapHaHTOB H COBMeCTHO C NpoOeKTHPOBLLHKaMu 
TypOuH BEIOUPaloT OKOHYAaTeJIbHbIe WapaMeTPbl TyPOHHBI WH radapHTbl ee OTCAa- 
CbIBaIOIeH TpyObl. 

Jia BbIACHeCHHA BJHAHHA orcacbiBaiolleli TpyObl Ha 9HeEpreTHueCcKHe Ka- 
yecTBa TypOuHHI B. C. KBATKOBCKHM ObINH NMpOBeAeHbI HHTepecHbie padorsl 
NO ONpeeJIeHHIO MOTePb B OTAEJIbHbIX pabounx Oprahax NOBOPOTHOONAacTHOH 
TYPOHHbI cpeqHeH ObicTpoxogHocTH (n, = 550+ 600) u cocTaBneHuio OanaHca 
SHeEprH NOTOKA WIA OTACAbHbIX Pe2XXHMOB paOOTH. OTH TaHHble NOSBOMHAH 
OUeCHHTb AOCTOHHCTBa KaxKAoro padouero oprana TypOuHnl. [Ipu stom Optio. 
oOHapyxXeHo, 4TO pH OONbUIMX pacxofax MOoTepH_3HEprHN B _oTCachipalomlen 
TpyOe 3HauHTeIbHO OObIe MOTepb B padoweM Kowlece. 

“Ha pac. IV. 37 NloKa3aHbl KPHBbIe 6alanca JHePrHuu JIA OHOM NOBOPOTHO- 
JONacTHOH TYpOHHbI. KpuBble HarixHO HJIIOCTPHpyroT pacnpeyzenenue 0- 
Tepb SHEPrHH MexKAy paOouHM KOIeCOM, HanpaBJIAIOULMM almapaToM H OTCAa- 


ChiBaloulei Tpy6oH pH H3MeHeHHH yelbHOro pacxoza Q; = 500 a/cex Jo 


Q; = 2100 «z/cex. Tipu mMaapix pacxogax (Q; = 500-+700 .z/cex) Han6onputue 
MOTepH HMEIOT MeCTO B paGoueM KOJIeCe H HalpaBJIAIOWeM anmapate. OnH 
nocturatoT 18—14%. Sro oObACHHeTCA NOXUM OOTeKAaHHeM PellleTKH Tpodu- 
eH HallpaBJAtoulero almapata HW padouero kKovieca. OOulHe NoTepH B OTCACHI- 
BalouleH TpyOe cocTaBAIOT Bcero OKO0 3%. IIpH HOpMaJIbHBIX pacxoyax 


BOLI Yepes TypOuHYy (Qi = 1400+ 1600 «/cex), cooTBeTCTBYIOWHX ONTHMAaJIb- 
HOMY 3Ha¥eHHIO K. Il. A. H HOPMAJIbHOMY 9KCIIyaTalHOHHOMy pexHMy, T0- 
TepH B paOouem KOvlece HW HallpaBJAIOULeM aliMmapaTe yMeHbillaloTcA MpHMepHO 
jo 4%, HO 3aTO BO3pacTaloT MOTepH B OTCAaCHIBaIoOINeh Tpy6e. IIpu sTOM OHH 
OcoOeCHHO YBeCJIMYHBAIOTCA NIPH BEIXOMe U3 OTCAaCbIBalOleH TpyOb!l, MOcTHTaA 
10%. TFuapaBanueckue noTepu B oTcacbiBalollen Tpy6e YBeJIH4YHBaIOTCA JO 


3%. TIpH MaKCHMaJbHBIX yeAbHBIX pacxogax (Q; = 2000+2100 ./cex), 
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KOTOPbI€ COOTBETCTBYIOT PeXHMaM paOOTbI NpH MAaKCHMAaJIbHOH MOLLHOCTH, 
norepH B KOJIece H HaNpaBAAIOWIeM alnapate OCTalOoTCA NOYTH TeMH Ke, a 
noTepH Ha BbLIXOMe H3 OTCACbIBalOWleH TpyObI elle Oomee yBeHUHBAIOTCA, J0- 
xoua No 14,5%. Tuapapauueckue nmorepH B Tpy6e BO3pacTaloT JO 7%, celo- 
BaTeJIbHO, cyMMapHEIe noTepH B oTCacbIBalomleh Tpy6e ocTuraiT 21,5%. 
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Puc. IV.37. Bananc 5HeprHy. B NOBOpOTHOJONacTHOK Typ6uHe 


Ii psampie KOHW4eCKHe TpyOn! 


Han6onee npocTok oTcacbiBaiolmeH TpyOoH ABJIAeTCH IIPHMaA KOHHYeCKaA, 
noKa3aHHax Ha puc. IV.35. B HacTonmjee BpeMA OHH TPHMeHAIOTCA JIMLIb 
Jia TYPOHH HeOOJIbUIHX pa3sMepoB, TaK KaK lIpH HeOOXOAMMOH AHHeE MpAMOH 
KoHHYeCKOH Tpy6nr Z = (3+5) D tpe6yetca Gombmloe 3sarmy6neHHe, 4TO He- 
SKOHOMHYUHO TIPH COOpyXeHHH KpynNHOH FHApOcTaHiHH. 


Jaa KpynNHbIxX THApOTypOuNH MPpHMeHAIOCT H3OrHyTbHle OTCAaCbIBalolHe TpyO6ul, 
HMeloulHe BHICOoTyY A < 2,5). 


— 2 5 Fos U5,M/C8K 
2gH 
1,50 
1,25 
1,00 
0,75 
0,50 
0,25 





O 25 30 75 100 125 190 175 200 223 200275 H,M 





Puc. IV.38. 3Hauenve cpeqHeli cKOpOCTH xu Puce. [V.39. 3HavenHa Kosddpunventa 
YA@IbHOH JHEP BEIXOLHOTO CeYeHHA OTCACHI- BOCCTAHOBJIGHHA H ONTHMAJIDHEIX yr- 
BalouleH TPyO6bi JIOB KOHYCHOCTH OTCaCbIBaIOLHhx Tpy6 


Ha puce. IV.38 noka3aHbl KPHBble 3HAYeHHH CpeAHHX CKOpOcTeH HW yAebHOH 
3HEprvv B BbIXOJHOM C@€4eHHH B 3€BHCHMOCTH OT HalOpOB, KOTOPbIMH OObINHO 
PYKOBOACTBYIOTCA IIpH BHIGOpe pasMepOB BbIXOAHOTO ceyeHHA Ff, OTCACbIBAaIO- 
meh Tpy6bl. 3HaA pasMepbI BbIXOAHOFO CeYeHHA OTCacHIBalolleH TpyObl H BXOL- 
HOH QHaMetp D,, MOXKHO ONpeseAHTb JIHHY IpAMOH oTcacbiBaromeh TpyOnl, 
3aaBadcb yrvIoM ee KOHycHocTH B. Yrom KOHYCHOCTH CJIeqyeT BbIOHpaTb 
B OMpeeNeHHbIX Mpeesax, yYCTAaHOBJICHHbIX NpaKTHKOH, B 3aBHCHMOCTH OT 
OTHOCHTeNbHOH AHH L/D ,. Tipu 6ombuiom yrie KOHycHOCTH B yBeAHUMBaIOTCA 
NOTepH H3-3a YBeMYeHHA CTeneHH paciiMpennsA nudpys3opa, HO 3aTO Naator 
NOTepH C BbIXOAHOM CKOPOCTbIO H3-3a YBeHYeHHA BbIxXoMHoro ceyeHHsA. Ilo- 
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3TOMY JIA KaxkOH BeIHUMHH L/D, cyilecTByIOT ONTHMaJIbHble 3HayeHna Bf, 
pH KOTOpOM oOmive NoTepH B OTCaCbiBaloWieH Tpy6e OyAyT MHHHMAJIDHbIMH. 
SHaveHHA MAKCHM@JIbHbIX KOSPDPHIWEHTOB BOCCTAHOBJICHHA H ONTHMAJIbHbIX 
YIIOB KOHYCHOCTH JJIX KOHH4eECKHX OTCACHIBaIOWINX Tpy6 pa3sHYHOH OTHOCH- 
T@JIbHOH JIHHbI IpHBeszeubi Ha puc. [V.39. Jia peamtbHo mpaMoH KOHHYeCKOH 
oTcacbiBaiomleh Tpy6n (ipH L = 3D,) OnTHMaJIbHbIM yroJ] KoHycHocTH fp = 
= 7°, a KosdulneHT BOCCTaHOBIeCHHA Nm = 77%. IIpu 6onee KopoTKo 
tpy6e (L = 1,5D,) onTHMasIbHbIH yrom 6GyzeT paBeH B = 9°, a KoodbipunueHT 
BOCCTAHOBJICHHA CHH3HTCA JO YN», = 68%, T. e. Ha 90%. Ecan xe yBenuaHTb 
aaHHy Tpy6ur Ha L = 5D, To 9TO AacT yBeuyeHHe KOSPPHUHeHTAa BOCCTAHOBJIe- 
HHA NO Ym = 82%, T. e. MO CpaBHeHHW C TpyOoH EL = 3D, kosddpuunent Boc- 
CTaHOBJICHHA MOBbICHTCA TOMbKO Ha 5%. 

¥Y Ka3aHHaag Ha puc. IV.35 npaMaxv KOoHMYeCKaN TpyOa AOWMKHAa yCTaHaBJH- 
BaTbCA B OTBOHOM KaHasle IPH HEKOTOPOM MHHHMA@VJIbHO JOIMYCTHMOM paccTos- 
HHH OT OOKOBbIX CTeHOK H [Ha KaHaJia H HMeTb HeOOxXOANMOe 3arsyOnenue 
nO YypOBeHb Hw xKHerO Opbeha. OTH pa3sMepbI llesecoo6pa3Ho NMpHHHMaTb 
PpaBHbIMH: 


b > (0,5 0,7) Ds: h > (0,6 -- 1,0) Ds. 


MsornyThle oTcacbiBaloujHe TpyOnl 


V30rnyTbie OTcacbiBaloljve TpyObl MOryT HMeTb pa3sHoOOpa3Hble opMbt. 
Ha puc. IV.40 noka3aHa cxema TpyOH KoHcTpyKkuHH JIM3. Ona cocToHT u3 
KOHHYeCKOro MaTpy6Ka Aucbysopa J, KoMeHa OTCaCHIBalolleH TpyObl 2 u ropH- 

3OHTAaJIbHOrO pacTpy6a (Audy- 

pit 30pa) 3. Konuyeckne naTpy6KH 
IipH OHHAKOBOM BXOJHOM JHa- 

= oer | _ Metpe D, MOryT HMeTb pa3Hbie 
= Th BbICOTHE Hs. COoOTBeTCTBeHHO 

S feo MeHAeTCH BXOAHOM JHaMeTp KO- 
*“ done 9 J nena D,. KoneHa mpHMeHAIOoT 
iS reOMeTPHYeECKH MOAOOHEIMH IIpH 
-:pa3HoH ruyO6uHe OTCaCbIBalo- 


NK men Tpy6n h. 
Ly Lo Ha puc. IV.41 noKka3anHo 
é THMOBOe KOJICEHO H3OrHyTOH OT- 
Cummempuynan cacbiBalomjeH TpyObi, MmpHMe- 


a 
omcacoibarowuas mpyd Haemoe JIM3 1A MOBOPOTHO- 


JIOMACTHBIX THAPOTypOuH. B Ko- 
jlIeHe C MHHHMaJIbHOH BbICOTOH 





Hecummempuynan 
omcaceiGorouas mpydea 





Puc. IV.40. Hsornyras orcachiBaloulad tpy6a mopo- Puc. IV.41. KoneHo H30rHyTOH OT- 
poTHONONAacCTHOH TYPOHHBI cachipaiomjeh TpyObl 


ocylecTBAAeTCA epexol OT MpHMbIKalollero K KOHMYeCKOMy MaTpyOKy 
Kpyrioro BXOMHOTO Ce4eHHA K BbIXONHOMY MPAMOYTOJIbHOMY CeYeHHIO, OT 
KOTOporo HawHHaeTcd TOPH30HTaMbHbId pacrpy6. KomeHo cocTaBneHo 43 
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MPaBHJIbHBIX TeOMeCTPHYeCKHX MNOBePXHOCTeH: Kpyrioe BXOMHOe OTBepcTHe 
KONeHa JMaMeTpOM D4 TO BHYTPpeHHeH MOBepXHOCTH H3rHOaerca 3aTeM TO 
TOPy ¢€ pafwycoM 7, KOTOPBIM Jaslee mepexOAHT B TopH30HTasbHytO 
MOCKOCcTb 7. OT BXOMHOFO OTBEPCTHA C3a4H HAeT KOHHYeCKAaA MOBepxHocthb J, 
KOTOPad 3aTeM NepeceKaeTCA C FOPH3OHTAIbHOH WHIMHAPHYeCKOH moBepx- 
HocTbio 2. [lepexogq oT KoHHYeCKOH noBepxHocTu / K noBepxHocTH Bpalle- 
HHA — TOpy 6 — oOcyllecTBIAeTCA NO HaKNOHHOM mtocKoctH 3. Tlo 6oKam 
KO.1eHa efO MOBEPXHOCTb OOpa3syeTcH BePTHKAJbHOH MIOCKOCTDIO 4 u BepTH- 
KaIbHOH WMJIMHIpH¥eckOH noBepxHocTbio 3. Takaa cbopma Koviena yupoulaer 
OeTOHHpoBaHHe. ByicoTa BbIXOAHOrO CeyeHHA KOJIeHa A, 3HAYHTeEABHO MeHBIe 
WIHPHHbE Bs, TO OOeCNeYHBaeT MHHHMAJIbHYIO BbICOTY KoeHa h,. O6pni4Ho 
KOeHO B IJlave CABHHYTO MO OTHOUWIEHHIO K OCH arperata. BenHuHHa 9KCLEH- 
TPHCHTeTa KOW1€Ha Mm HaSHauaeTCA C YYeTOM TaOapHTHbIX pa3MepoB CHHpasb- 
HOH KaMepbl Tak, 4TOObI OTCaCbIBalollad Tpy6a yKJalbiBalacb B ra6apuTbt 
CNHpacH. 

B TOpH30HTaJIbHOM pacTpy6e (quddysope) KpynHbtx rHApOTyp6OuH HHOr a 
YCTaHABHBaeTCA MPOMeXKYTOYHBIH ObIYOK, KOTOPbIt MO3BOIHe€T YMeHDbUIaTb 
BCINYHHY CTPOHTeIbHOrO MpomeTa oTcacbiBalouleH TpyOnr B;. Tommuny 
ObluKa 6, CleqyeT MPHHHMaTb MHHHMaJbHOH M0 ycaOBHaM ll POH3BOACTBAa 
CTPOHTCJIDHBIX paooT. Takou ObIgOK B OTCaCbIBaloUleH Tpy6e cTeCHAeT MOTOK 
H HECKOJIbBKO YXyllaeT SHepreTHyecKHe KayecTBa OTCacbiBalollel TpyOnl. 

HsornytTas oTcacbiBaiollad Tpy6a aABJIAeTCA m0 CyYlUlecTBY WHppdy3o0pom c 
KPHBO.IHHeEHHOH OceBon wuHHeH. Tlostomy yBerHuenne ee AAMHbI LON2KHO Npu- 
BecTH K pocTy KosppuuneHTa BOCCTaHOBJeHHA. YBeHYeHHe MpOTAKeHHOCTH 
TpyObl MOMKeT ObITh OCYILeECTBACHO IyTeM yBeIHYeHHA ee rIyOHHH! =f 
HW JIHHbI L. 

OnbITaMH YCTaHOBJIeHO, 4TO C yBeEHYeHHeM rIyOHHbI H QJIHHbI H30rHyTon 
OTCAaCbIBaloleH TpyObl YBeJIMYHBaeTCA H K. I. A. TYPOHHBI, WpHueM TeM 3Ha- 
YHTeIbHee, YEM OOWIbINe ObICTPOXOAHOCT TYPOHHbI. Bowee atpPeKTHBHO yBe- 
IHUCHHe PIYOHHBI OTCACHIBaOWeH TpyOL. PasHuily BK. M1. J. TYPOHH Cc oTCa- 
CbIBaIOULHMH TpyO6aMH, HMeIOULHMH pa3Hble BbIXOJHbIe CCUCHHA, MOOKHO OLLeHUTL 
MO dopmyuie 

og 
Re (u;” — v5) 


Ay = ocH , 


rue Us H Us; — CpeTHHe BbIXOJIHbI€e CKOPOCTH CpaBHHBaeMbIX OTCACHIBAIOLILHX 
Tpyo, 
k, — Koappunnent Kopnouuca. 

IIpH BpiGope ra6apuToB oTcacpiBalouluX Tpy6 mpH PaBHbIX BbIXOZHbIX Ce- 
HeHHAX WeeCOOOpasHO MIPHMeHATH Oosee ryOOKy!0 H KOpPOTKY10 Tpy6y, vem 
MCJIKYIO H JJIHHHY!IO. OOBACHAeTCA 3TO TeM, UTO H30rHYyTOe KOeHO Tp VObI 
HMeeT OOJbUIee THAPAaBHYeCKOe COMPOTHBJAeHHe, YeM MpAMoli Tp yOonposog. 
Iipi u3ru6e moroka y BHYTpeHHell CTeHKH KosleHa HayHHaeTCA HHTeHCHBHOe 
BuXpeoOpasoBanne. Menserca WaBsieHHe TO AWHHe KOvIeHa — B CeueHHAX V 
BHYTPCHHEH CTCHKH OHO yMeHbIUAacTCA, a IPH Mepexoge K npaAMoMy yuacTky — 
BospactaeT. Bce sTO co3qaeT JONOJHHTeIbHbIe NOTepH B KOUIeHe. llostomy 
WeNecooOpasHO NOABOMHTb BOAY K KOJIeHY C MeHbIIMMH CKOPOCTAMH, a 3TOTO 
MOKHO JOCTHUB NDHMeHCHHeM OoOvlee AWIHMHHOH KOHHYeCKOH YaCTH C OOAbINIUMH 
PaSMepaMH CedeHHA H, CJI€MOBATeJIbHO, C OOJIbILIMMH ra6apHTaMH caMmoro 
KoweHa. 

Ha pue. IV.42 npupeszenpr npumepHpe 3HaueHna KOSPMHUHeEHTa BOCCTA- 
HOBACHHA OTCaCbIBaIOMeH TpyObl WIA M30rHyTbIX TpyO pa3Hol ray6uHbl H 
IMIMHbI. OTH ZaHHble COOTBETCTBYIOT KOMOHHATOPHbIM pexKHMaM pa6oThl MOBo- 
PoTHOJIOMacTHOH TypOuHnb!. Ha ocHoBaHHH KpHBBIX (puc. IV.42) BuaHo, uTO 
HeOOJIbINOe H3MeHeCHHe JWIHHbI TpyObl MaJlIO CKa3biBaeTCA Ha ee Kayectse. 
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Han6ouee wemecoo6pa3sHa H30rHyTaA Tpy6a ANHHOH L = 4,5D,, Tak Kak 
yBeHueHHe JJIMHEI Tpy6nl fo L = 6,0D, He3HauHTesibHO yBeIHUHBaeT KORD- 
(PUILHEHT BOCCTAHOBJICHHA Nom. B TO *®e BPCMA YMEHDILeHHe JJIMHbI TPyObl 
no L = 3,5D, Oomee cyitlecTBeHHO CHHKaeT 3HAYCHHE Nome. 

Cuy6una Tpy6p fh B G6oubuIeH cTeneHH BJIMAeCT Ha Ka¥eCTBO H30rHyTOK 
OTCacbiBaiolleH TpyObl: yMeHbuweHHe raiyOuHbl TpyOnr c h = 2,0 D, no h = 
= 1,6 D, cHwxKaeT KosdduWHeHT BOCCTAHOBJICHHA OTCACHIBAIOMeH TPYObI Nom, 
Ha 7,5%. Takoe Ke yMeHbileHHe TrayOuHbI Tpy6nl ch = 2,6D, noh = 2,2D, 
CHHK@ECT Nome TOMbKO Ha 3,5%. | 

Ha JIM3 ray6unHy, WupHHy 4 AIHHY OTCAaCbIBalolleH TpyO6bl JIA MOBOpPOT- 
HOJIONACTHbIX TYPOHH MPHMeHAIOT PaBHbIMH: 


h > 2,3D,; B = (2,5+2,7) Dy; L = (4,0+4,5) Dy. 


_ JiwaMerp BXOJZHOTO cCe4eHHA KOIeHa B COOTBeETCTBHH Cc O603HaYeHHAMH 
Ha pue. IV.38 u IV.34 paBex 


D.= Dz + (hg + hy) 2 tg B 
r+2tgB ? 


rye B = 8+10° — yron auddy3opa. 
IIpu BuGope BeHUMHbI 3arnyOneHHA 
OTCACHIBaIOWeH TPyObl OOLIGHO IIPOH3BOAAT 
9KOHOMHYeCCKHE MOACYeTHI, YYHTHIBAA BBI- 
paooTKy 93ICKTPOSHEprHH MpH pa3HbIx 
rabaputTax TpyObl HM CTOHMOCTb JOMOJIHH- | 
T@JIbHbIX CTPOHTeJIbHbIX paOoT B CAy4ae Puc. IV.42. 3Hauenua Koadxbunuenta 
NIpHMeHeHHA Govlee ruy6oKoH TpyOHl. BOCCTAHOBJICHHA H3OrHYTOH OTCAaCbIBAalO- 
Vcnomp30paHHe riy6oKux Tpy6, Kak "el TpyOnl B oe a rayOuuel 
npaBHso, oOecneunBaeT OOJIbIIYIO BbIpa- “A 
OOTKY 3HeEprHH, HO TpeOyeT yBeAH4YeHHA KallHTabHbIx 3aTpaT. Uem G6ourpute 


mponycKkHaa cnoco6uocTth Q; AomKHa ObITh y TYPOHHEI, Tem Wesecoo6- 
pasHeH IIpHMeHuTD GOosee ray6okylo TpyOy, TaK KaK B MpOTHBHOM CJ1y4ae 
OyAyT 3HaYHTebHO BO3pPacTaTb MOTepH. 

Menke HW30rHyTbie OTCaChIBalOlHe TpyObl WIA MOBOPOTHONONACTHEIX Typ- 
OHH IIPHMeHATH HellesecooOpa3Ho, Wake eCAIH SKOHOMHYeCKH OHH ONIpaBJBbI- 
BaloTCA, TaK KaK B M@JIKHX TpyOaxX yBeJIHYHBaeTCA HePpaBHOMeEPHOCTb MOTOKA 
3a paOounM Kovecom. B Meikux Tpy6ax npu L = (1,9+1,7) Dy konyc sryakn 
KOleca pacnoviaraeTca 61H3KO K KOJICHY H 3HAUHTeIbHO YBeH4YHBaeT HepaBHO- 
Me€pHOCTb CKopocTeH B HeM. Kpome Toro, BcJleqCcTBHe H3rH6a NOTOKa B KOJIeHe 
H H€paBHOMepHOCTH MOTOKa MOABAIOTCA GOKOBbIC CHJIbI, WeHCTBy!olulHe Ha 
KOHYC KOJleca, BbISbIBaIOWlHe OMacHylO BHOpaluio poTopa arperata. 

Pa3meppi oTcacpiBaiomux Tpy6 JIM3 (run 4C) 21a nNOBOpOoTHOMOMACTHbIX 
TypOuH no pue. IV.40 uv IV.41 cnenyromme: h = 2,3D,; L = 4,09D,; B, = 
= 2,38D,; h; = 1,20D,;; D,=1,17D,;; hy =1,17D,; he, = 0,584D,; 
L, —= 1,oD,. | , 

Yrol HakMOHaA NOTOMKAa TOPH3OHTaIbHOrO pacTpy6a MNpHHHMAaIOT B 3aBH- 
CHMOCTH OT JWIMHHI pactpy6a caeqyiomumM: mph L,=2,4D, y = 10°; 
mph L, = 1,8D, y = 13°. | | 

Pasmeppbi h,, ho, hg u Dg Bhi6upaloT B 3aBHCHMOCTH OT THMa KOvIeca. 

H. M. Ulanop (105) 3aHumaaca Bonpocom Bbl6opa BHITOAHeHIMeH JJIMHBI 
H30rHYTOH OTCaCbIBalOlleH TPyObl H, AHAJIM3HPYA Pe3ybTAaThI HCNLITAHHH pa3- 
AMUHbIX ABTOPOB H JaHHble OTCaCbIBaIOULHX TpyO Ha padoTalouHX FrHApocTaH- 
WMAX, MIpHUles K BbIBOLY O GOMbILIOM SKOHOMHYCCKOM 3HAaYeHHH NpaBHJIbHOCTH 
BbI6opa raOapHToB TypOuH. OH yKa3biBaeT, 4TO Pa3sIH4HbIe YaCTH H3OrHyTOH 
OTCaChIBalOlNleH TpyObl — KOHYC, KOJICHO HM TOPH30HTaJIbHBIN pactpyO — Boc- 
CTaHaBJIMBaloT 9HeEprHuio o-pa3sHomy. H3 o6me BeHYHHbI BOCCTAHOBJICHHOM 
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(IV.62) 





3HeprHH, paBHoh 75%, B oTCacbIBalolleH TpyOe KOHYyC, 3aHHMaA OKOIO 11% 
IWIHHbI, BOCCTaHaBJIMBaeT OKONO 50% sHeEpruH, a TOPH3OHTAJIbHbIH pacTpy6, 
3aHHMad 33% AJIMHbI, BOCCTAHAaBIMBaeT JMUIb OKONO 20% 2Hepruu. B KomeHe 
BOCCTaHaBJIMBaeTca OKOIO 5% SHEPrUH. 

AHaJIH3 NOCTPOeCHHEIX THApocraHuHH y Hac HW 3a TpaHHuweH nNoKa3sbiBaer, 
WTO B OCHOBHOM IIPHHHMAaLOTCA OTCACHIBalolve TpyOnl riyOuHoH A = (1,9+ 
2,3) D, Hwa ruapoctaniuax CCCP u h = (1,9+2,5) D, Ha 3arpaHM4 Hx 
THApocTaHilHAx. | 

J\aHHa OTCaCbIBalOlWluX Tpy6 cocTaBJAeT B CpeqHeM Ha FHApoOcTaHIHAx » 
CCCP L = (4,2+5,5) D,; Ha 3arpaHHUHbIx ruapoctranyuuax L = (5,0+ 
95,7) D,. | | 

CneloBaTeJIbHO, 3afpaHHYHbie yCTaHOBKH cHaOKaloT GOowslee JJIMHHbIMH 
OTCaChIBalOLIHMH TpyOaMH. JlaHHble HCHbITaHHH HOBeHIMIHX THAPOyCcTaHOBOK, 
COOPy2KeHHHIX 3a TpaHHeH, CBHZeTeJIbCTBYIOT, 4TO OTCaCbIBalOWlue TpyOp! 

ceHuac yJVIMHAIOT elle GOoulee, CUHTAaH 9TO 3KO- 

HOMHYeCKH ONpaBaHHbiIM. YKopoueHve OTCAaCHI- 

BaloWlHxX TpyO B WeAAX CHH2KCHHA KallHTaoBo- 

*KCHHH MOKET NpPHHectH OobwuioHh yulep6. Opuen- 

a THPOBOWHAaAA OW@HKa H3MeHeCHHA K. 1. A. TYPOUH 

= Np H3MeHeHHH AJHHbE HH UIMpHHb! TpyObi 


yoo hh MOXKHO ClelaTb 10 dopmy.re 

Cc 7S An=50-2/—+--—-—}—\,  V.63) 

) \ R-| 8 Feo Poeux 
B=74| rhe F youx> F eg — WIOWAaW BbIXOIHbIX Ce4eHHH. 
Hy N ~ HiccsleqoBaHud MHOPHX OpraHusaluk noka3adH, 
p=lt \\ NTO CylleCTBeHHOe 3HaYeHHe HMeeT 30HA IIPOTOU- 
1 | 2o= 0943], \ HOH 4aCcTH, B KOTOpOH conpsraeTca KaMepa pa6o- 
D2= 0972, \ uero KoJleCca H OTCaCchIBaloulan Tpy6a (puc. IV.41). 
-—-— ‘| Jina ObICTPOXOZHBIX TpyO ceqyeT MPHHHMAaTb 
\J MametTp ropsioByHHb! D,=0,97D, c yraom KOHYc- 


ee HocTtu B = 7° (puce. IV.43). ma 6onee BhICOKOHA- 

Puc. IV.43. @opma xamepn x UOPHBIX TYpOHH MOXHO YMeHbIUHTb QMHY Top- 

KoHyca paGouero Komeca noBpHHE! fo D,-= 0,943D,. Hpu ymenbmenuy 

D., K. 11. Wl. H€CKOABKO BO3pacTeT, HO Iponyck- 

Han CMOCOOHOCTb TypOuHEI YMCHbIIHTCA H YBEJIHMYHTCA KABHTAIHOHHBIN KOIdpH- 

1HeHT. BAMAHHeE NpOuAA TOpJOBHHI Ha 9HEpreTHyecKHe KayeCTBA TYPOHHBEI - 
TeM MeHbille, 4eM ruyOxKe OTCAaCbIBalomlaA TpyOa. 

Ilepexoq oT nosyctbepHyeckoH KaMeph! K IHIHHApHaeckoH yxymaer 
YCIOBHA pa6OTbI TYPOHHbI, NOABJIAIOTCA HEYCTOHUHBbIC PeXKUMH MPH OOVJIb- 
WWHX pacxofax H3-3a MyAbcaluui NOTOKa 3a paOOuHM KOJIeCOM H B OTCAaCbIBalo- 
men Tpy6e. 

Hccnegopanua ®. ®. y6una u M. ®. Dy6una nokasasu, ato yAMHeHHe 
KoHyca (oOTeKaTetn) paOouero kovieca (puc. IV.43) NpHBOAHT K yBeAHUeHHIO 
K. Il. 2. TYPOHHbI, YTO OOBACHAeTCA OOMee NAABHLIM B STOM CJIydae H3MeHe- 
HHeM Nepexofa CeYeHHA BO BXOJHOM “acTH (AHddpy3opa) oTcacHIBaloleH TpyObl. 
I]pH KOpoTKOM KOHyce H3MeHeHHe wolwlazei mpoucxoquT Gomee pesko, 
ocoOeHHO B BbIXOMHOH YaCTH KOHYyCa KOJleCa, 4TO BbI3LIBAe€T OTPbIBbI NOTOKa 
OT CTeHOK. . 

Mccaegospanna H. H. ®unatoBa noka3aiu, YO Np yAIMHeEHHH KOHYCa 
BO3PacTaeT OMACHOCTb OTPHIBa NO JeHcTBHeEM cH. OH uCcCeqOBas KOHYC 
nunHok | = 0,6D, (HopMasbHbI) ul = 0,4D, (yKopouenHEIh) npn pa3saH4- 
HbIX Pe@KHMAaX paOoThl. ITH HCCAeLOBaHHA NOKa3asH, YTO paOGouee Kovleco 
C YKOPpO“eHHBIM KOHYCOM XyxKe OOTeKaeTCA MOTOKOM, 4eM KOJIeECO C HOPMAJIb- 
HBIM KOHYyCOM. IlymbcaluA AaBICHHA JIA HOPMAaJIbHOTO KOHYCa MEeHDILEe, 
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4yeM JJId YKOpOWeHHOrO KOHyca. OgHakKO BeJIMYHHa NOMepeuHbIX CHA WA 
TakOro KOHyca nouyyaeTca Goupuie, YeM JIA ykKOpoueHHoro B 1,5 pasa. 
HM xora a6comoTHad BeEMHINHA NONepe4dHElX CHI MpH HOPMAaJIbHOH OTCAaCHIBAaIO- 
mei Tpy6e u HeBeIHKa (CocTaBJAeT OKONO 2% OT NOMHOFO OCeBOrO yCHJINA), 
OHH MOryT ObITb ONACHbIMH JJIA KpenJIeHHA KOHYCa, TaK Kak HeHCTBY10T nepHo- 
JWMUeCKH C BICOKOH YacTOTOH. C yMeHbINeHHeM rlyOMHbI OTCacbiBaloMlel Tp yObl 
KoeHO HpHOaAMmKaerca K pa6ouemy KOJIecy H BeENHUHHA NonepeyHEIX CH 3Ha- 
YHTeIbHO BOSpactaeT., [Ipu akcnayaTaluH rHApoTypOuH Obl cAy4uan cppiBa 
KoHycos. Jia’ pakwaibHO-oceBbIX THApoTypOHH H30rHyTHIe oTCacbIBalollue 
TpyObl IpHMeHAIOTCA . TaKOH 2%xe GOpMbl, Kak HW {IA MOBOPOTHOJIO- 
MaCTHBIX, = : oe 

VccreqoBpaHua, TIpoBpeyeHHble Ha MOJeIAX PaWasbHO-OCeBLIX FUApPoO- 
TYPOHH H B HaTypHHIX ycnoBuax Ha TDC, noka3anu, “To np GOobIIHHCTBe 
pexKHMOB paOoTHl TypOHH NOTOK 3a KOJIeCOM 3akpyyeH. C KoHyca paG6ouero 
‘Kouleca CXOMHT BHXpb. OTOT BHXPb, BHJHMO, MCHACTCA B 3aBHCHMOCTH OT pe- 
*KHMOB, pacnOvlaradch T1pH OOMbUIHX Harpy3Kax NOUYTH BePpTHKaJIbHO 110 
ocH TypOHHbI, a pH HeETIOMHBIX Harpy3KaX OH HMeeT CIMPaseBHHyIO 
copMy. 

Buxpb o6pasyeres BCJeACTBHe TOTO, YTO NOTOK BORK, CXONAULHH C sOMAa- 
cre paGouero koseca, 3akpyyeH. B oOiacTb NOHMKeHHOrO AaBeHHs {K LeH- 
Tpy moToKa) CTeKalOTCA BCe BUXPeBble LWIHYPbI, CPHBaIOMWeCA C BLIXOZHbIX Kpo- 
MOK JomlacTeh pa6ouero Koseca. Hannune BUxpaA H ero BpPaleHHe IPHBOHT 
K M€pHOAHYeCKOMY H3MeHeEHHIO AaBJIeHHA B MOTOKe NOX pabouHM KOvIecoM 
H BO BXOZHOM Aundpysope oTcacHiBaiomleH TpyOnl. 

Bosmyilarolive CHJIbl, BOSHHKalollve BCJIeXICTBHe HENOCTOAHCTBa JaBuJe- 
HHA, WeHCTBYIOT He TOMbKO B NOTOKe BOJb, OHH BbISHIBAIOT pacilaTbIBaHHe 
oTCacbiBalolleH TpyObt H OOPbIB AHCTOB OOJIMILOBKH. 

HectauHoHapHbie CHJIbl COBMeCTHO C He3aKOHOMePHBIMH ‘xXaOTH4¥eCKUMH 
CMbIKaAHHAMH BHXPA Ha CTeHKAaX OTCAChIBaloMleh TpyObI BbISbIBaIOT BHOpallHio 
pa6ouero Koneca TypO6HHbI WH JaxKe Bcero arperata, BOBIeKaA B KomeOaHHa 
G6eTOHHBIM MaccHB TypOHHHOrTO Gl0Ka u smanua TOC. 

Tlostomy B a6opaTOpHH OAHOBpeMeHHO C HCCeqOBaHHAMH 10 BEIGOpy 
ONTHMAaJIbHOTO pa6ouero KOIeca OOLIMHO NpOBOAATCA HCCeMOBaHHA NO H3y- 
YeHHIO TIPHPOZb! BOSHHKHOBeCHHA BHXPA, ONPeMeNAIOTCA MPHUHHbI, BJINAIO- 
Wve Ha erO HHTCHCHBHOCTh, OMPeAeIAIOTCA AMILIHTYAbI MyJbcalHn, aBuje- 
HMA B MpOTOUHOM YaCTH, HCCMeAyIOTCA pasMMUHbIe cnocoOH Ocma6eHHA HIM 
YHHUTOKeHHA BUXPA, H3 KOTOPBIX HaHJY4WIHM ABJIAeTCA BIYCK BO3AyXa NO 
padouee KOvIeCco. 

Jia vccweqOBaHHA NpuMeusAetcaA toTorpapupoBaHHe H BH3YyAaJIbHbIe Ha- 
OJOMCHHA BUXPA, OCWHIMOrpapnyeckad 3anvch aBeHHH Ha CTeHKax Ka- 
MepbI paOouero Kosieca Kak IIpu pas IMYHbIX pexuMax paOoThl OLHOTO H Toro *Ke 
KoNleca, Tak H WMA Pas IMUHBIX MOfeleH padounx Kovec. 

Bsl6op ONTHMAaJIbHOH KOHCTPyKUHH pa6ouero Komeca H MpOTOUHOH 4acTH 
JOJKEH ONPeAeNATHCA He TOJbKO BeJIMUHHOH M@KCHMAaJIbHOrO K. Il. ., 3Ha- 
yeHHeM O H BHAOM XapaKTepHCTHKH, a TakxKe opMouw HU paciipeseseHvem 
BHXPA B NOJe YHHBepCaJIbHOH XapaKkTepHCTHKH, BeMYHHOH AMIVJIMTYIbI, Wy Jb- 
CallHH JlaBJIeHHA MO paOOuwM KOJIECOM Ha Pa3JIM4HbIX pexKHMaX paOoThl H 
nmoTrepeH B K. 11. 2. Np BHYyCKe BO3Ayxa Nol pa6ouee Kosleco. ~ 

Ha puce. IV.44 noKxasanHpt HEKOTOpble POPMbI BUXPA, Ha6i0aeMble 3a pa- 
G6OUHM KOJIECOM paHadbHO-oceBoH TYypOUHHBI. 

M3 onpitra 9SKCIyaTalHy rHipoTy pour Ha J, HelpoBckon rac uM. JleHHna, 
NOCTaBJICHHLIH aMepHKaHcKow dupmMow «Hpronopt-Hbioc» B AOBOeHHbIe FoyHl, 
H3BeECTHO, 4TO BCIeACTBHe HeEyAayHON PopMbI OTCacHIBalolleH TpyObl, HMeroMleH 
3HAYHTeJIbHO CYKCHHOe KOJIEHO, BHXPeBOe ABH2KCHHe XKHIKOCTH H IPH HeKO- 
TOPLIX HepaCueTHBIX PeKHMAX BbI3BaIO HAaCTOJbKO CHJIbHOe COTPACceHHe 
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OeTOHa OTCaCcbIBalolleH TpyObl, YTO HENb3A ObINO SKCIIYAaTHPOBATh TypOuny. 
IlostoMy MpHxoquTcA NycKaTb NOX paGouee Koneco BO3AYX JA CMATUeHHA 
rHwpaBdueckux yyapos. IIpH usMeHeHHH dopMbI oOTcacbIBalollel Tpy6nt 
MH 3aMeHe KOJIeHa Ooee CBOOOJHBIM KOJICHOM pe?KHM paOOTEI TYPOHHHI 3HauH- 
TEJIbBHO yJIy4llaetcs. 


a) 





Puc. IV.44. Buxpeo6pasHoe TeyeHHe 2HAKOCTH 3a pa6ouHM KONeCOM PpauabHO- 
OceBOK TYPOHHbI MPH pa3sHbIxX pexuMax paGoOTbl 


B cBa3H C H302%KeHHEIM pH BbIOope raOapHTOB OTCaCHIBalouleH Tpy6bl 
paqabHO-OCceBOH TyPOHHbI HEOOXOAMMO HCXOANTb HE TOJIbKO H3 CoobpakKeHHit 


NOJYYCHHA XOPOWHX ZBHeEpreTHueCKHX noka3aTeveu, HO TaKXKe Y4UHTbHIBATb 
060d padovezo | 


H 3KCIyaTauwHOHHbe KayecTBa Tpy6p. Ilo- 
KONECA 3TOMY, XOTA PadHaJIbHO-oceBble TYpOHHbI H pa- 


NNN 


OoTaloT MPH MaJIbIX IIPHBeAeHHbIX pacxonax Q, 
H TpeOyloT MaJIOH MponycKHOH cnoco6HocTH, 
SSSI Ne / raOapuHTbI oTcachiBaiouleh Tpy6bl, oco6eHHo 

S : ee rulyOHHy, He CJlIeqyeT BbIGHPaTb 3aHHKeH- 
| N HOH. Tpy6a jomKHa ObITh AOCTaTOUHO ray6o- 
: N KOH, UTOObI BUXpecOpasHoe ABHXKeHHE TOTOKA 
|| 

2 


He BbI3bIBaJIO ONMCaHHbIX HeCTAalHOHapHbIXx 
N ABJICHHH. 
| N 
N | 
N 
N 
‘ 
p 


JIM3 pekKomMeHdyeT JIA payHasbHo-oceBblx 
rHApoTyp6uH cpeqHeh u OobUIOH Gbicrpoxol- 


HOCTH TpyOy rly6uHOH He MeHee A = 2,5D,, 


—— 


—_— 





j wupHHoKH B = (2,7+3,3)D,, aaunoh L 

p = (4+5) D,. 

A Kone B cootsetcTBuu c puc. 1[V.40 ocHoBHble pa3- 
| R omeacoibanwed MePbl OTCacbhiBaiolei tTpy6n (Tuna 4H) aaa 
| hye mpy dol padWaJIbHO-OCceBbIX TYPOHH NPHHHMAIOTCA CJle- 

Puc. IV.45.. Ynpyroe coeaqhyenHe 


ayroutuMu: h=2,5D,; L=4,5D,; B,=2,74D,; 
yHAaMeHTHbIX Yacteli PaqHanb- hs = 1,31D,; Dy = 1,352D,; hy ~ 1,352D ; 

- HO-OCeBOH TYPOHHEI: he = 0,670D,; L = 1,75D,; y = 11°30’. 
/—yHAamMenTHoe KObNO; 2—onop- 


B cBA3H C TeM, 4TO ra6apHTbl OTCaCbIBalO- 
Hoe KOIbUO; 3—conparawomnh nosc INeH TpyObl, OCOOeCHHO Y NOBOPOTHOJOMACTHHIX 


TYPOHH, OKa3bIBalOT 3HAUHTeEJIbHOe BJIHAHHe Ha 
CTOHMOCTb CTPOHTCJIBCTBa MOABOAHOH 4YaCTH COOpyxKeHHA, B MabopaTOopHAX 


HCCJI€QOBaJIHCh Pa3JIHUHbie BapHaHTbl HOBbIX (OPM OTCAaCbIBaIOIHX Tpy6 
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C YMe€HbIIeHHOHK riyO6HHOK. OHaKO OKa He YAaOCb NOMYIHTb MeJKylO OTCAa- 
CbIBaIOWLyIO TpyOy 6e3 CHHXKeHHA MPH 3TOM 9HEPreTHYeCKHX KaYeECTB Typ- 
OHI. _ | . 

IIlpu mpoekTHpoBaHuH OTCaCbIBalOWWHX TpyO6 cezyeT OOpallaTb BHHMAaHHe 
Ha KOHCTPYKILHIlo COeAHHEHHA OOMHUOBKH KOHYCa OTCAaCbIBaIOLLAX Tpy6 HW PyH- 
WaMeCHTHOTO KOJIbIa. 

Ha puc. IV.45 mpupezena tenecooOpa3HaA KOHCTPpyKUHA 93TOTO CoO- 
CMHHEHHA pafWalbHO-oceBoH TypOuHEI. OnbiT NOKa3bIBaeT, YTO He Cue- 
myer pacnowaraTb conpsraiomunh mosc 3 HenocpexCTBeHHO Nox pabouHM 
KOJIECOM. | 

Bo u36exaHve Upe3MepHbIX HanpAXKeHHH Ip ero NpHBapkKe HeOOxOUMO 
IIpeyCMaTPHBaTb KOMMeHCHPYIOWLHH SvIeMeHT. TaKHM KOMIIC€HCaTOPOM B JaH- 
HOM cJlyyae ABJAeTCA ONopHoe KONbUO 2. IIpu SeTOHHpOBaHHH 3TOH 30HbI 
HEJOMYCTHMbI ITYCTOTHI. 


Trroaspa V 


HAMPABJISIOWHA ANMAPAT 





1. THMbE KOHCTPYKUWHA HAIPABJISAIOWHX ANMAPATOB 


HanpaBatoului alimapaT peakTHBHOM THApOTYpOHHbI CAYKUT WIA MOD- | 
Boa MOTOKa K paOovemy Koviecy H peryiMpoBanua pacxofa BosbI wepes TYyp- 
6uny. B 3aKpbITOM NONOKEHHH HalpaBJAIONHA annapaT NOAHOCTHIO MpeKpa- 
iaeT TeYeHHe BOLI K pa6ouemy Kovlecy. M3mMenenHe pacxoya BOJb yepe3s Typ- 
OHHY AOCTHTaeTCA NyTeM NOBOpOTa CHCTeMbI HallpaBJIAIOWHX JIOMAaTOK, pacno- 
JIOMKEHHBIX 10 OKpyxKHOcTH. IIpH noBopoTe ONaTOK H3MeHAeCTCA HanpaBseHHe 
noTokKa (yrou @) Ha BbIxXose H3 HallpaBAAioulero anmapata (puc. V.1). B no- 
BOPOTHBIX JONaCTAX TYPOHHH! peryJIHPOBaHHe Pacxoya NPOMCXOAHT TyTeM OJ- 
HOBpeMeHHOrO NOBOPOTa HanpaBAIOMLHX MOMATOK HW MOMacTeH paOouero Ko- 
meca. 

Ha pue. V.1 noka3aHa cxeMa HalpaBJIAtoulero alilapaTa C OCHOBHbIMH 
reOMeTPHYECKHMH TapaMeTpaMH, K KOTOPbIM OTHOCATCA: 

1) AHaMeTP pacnoOuOKeHHA HalpaBAIOULHX sMONAaTOK Dy; 

2) 4HCMO MONATOK Zo; 

3) BbICOTa HallpaBsialomero ammapata by (Ha pucyHKe oreyrcrByer); 

4) WHHa XOpAb Npobua AonaTOK L vu AIMHAa BXOAHOH Ly H BEIXORHOH L, 
ee uacreh (L = L, + L,); | 

D) MaKCHMaJIbHad TOMMHHAa npodusa 4; 

6) paccToAHHe MexK]Y TOUKAMH KaCaHHA COCeAHHX JIOMATOK B 3aKPBITOM 
NOJIOHKeEHHH WH PaccCTOAHHE OT OCH NMOBOpOTa MO TOYeK KaCaHHA Ha BXOMHOH 
KpoMkKe Lo» HW BBIXORHOH KpOMKH Loy, 


7) OTHOCHTeJIbHBIM SKCUCHTPHCHTe€T Myo, XAapaKTePH3yIOWIHH momo*KeHHe 
JOMATKH OTHOCHTeJIbHO OCH NOBOPOTa B 3aKPbITOM MOJIOMKeHHH, 
Loi — Loe 


ho = 2 Lo ? 


8) dopmMa npoduan (B WaHHOM cAyuae CHMMeTpH4uHaA); 

9) OTHOMWEeHHe JJIMHbI Mpodusa K wary Z/t, nOACHHTaHHOMy MO OKPy2KHOCTH 
wuametpa D,; 

10) qHamMeTp perywupyiomero Kombia D,. 

[lepeancieHHble NapaMeTpbl ABJIAIOTCA NOCTOAHHBIMH JIA AAHHOTO HalipaB- 
JIAIOWeTO annapata. | 

Jin XapaKTepHCTHKH NOMOKeHHA HaMpaBJIAIOWHX AOMATOK B Mporecce 
peryJIHpoBaHHA TYPOHHbI paCCMaTPHBaeTCA MePeMeHHHIH WapaMeTP og, KO- 
TOPbIH Ha3bIBaeTCH OTKPHITHeEM HallpaBsalolwlero almapata HW nmpexcTaBlsaer 
co6oH HauKpaTuamimee paccTOAHHe M@KAY BbIXORHOH KPOMKOH KakoOH-1H00 
JOMNATKH HW TeEJIOM coceqHeH JIOMaTKH. OrkpbiTve HanpaBAIOWlero allapata ay 
3ABHCHT OT pa3MepoB TYPOHHbI HW YHCMa HanpaB/JAIOULHX ONaTOK. Jia reo- 
MeTPHY¥eCKH NOAOGHHIX HallpaBJIAIOWNHX allapaTOB OTKPbITHe Gy MPAMO IIpo- 
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NOPWHOHaJIbHO AHaMeTpy KOsieca H OOpaTHO NpPONOPUMOHAJbHO UHCJYy soMa- 
TOK Zo. IIpH noBopote HanpaBAIOWNX NOMATOK, KOTOPbIH OGbIMHO MpOK3BO- 
MUTCH OT Ce€pBOMOTOPa, CBA3AHHOFO pery/JIHPYIOWHM KOJIbILOM C JIOMaTKaMH, 
H3MCHACTCA OTKPbITHE Ay H BMECTE B HMM IIVOMLab CCYCHHA MeKMONATOUHBIX 
KaHaJIOB. 

OjHakO H3MeHeHHe pacxosa NpH NOBOpOTe AOMATOK BbISbIBAeCTCA B OCHOB- 
HOM He H3MCHeHHEM HJ0llatu MpOXOAHOro CeyeHHA HallpaBJAlollero alimapata, 
a H3MCHeHHeM yIia a, T. e. HanpaBJeHHeM NOTOKa Nepenx pabouHM KovlecoM. 

Yro6bl 20Ka3aTb 39TO, BCNOMHHM OCHOBHOe ypabnenne TypouHes 


NH = VU, — Vyoll a. 


u2 





Puc. V.1. OcHoBHble reOMeTpHyuecKHe MapaMeTpbl HalipaBJAlo - 
ero allMapata: a — HalpaBssAloniHe AONATKH, 6 — Tpeyroub- 
HHK cKOpocTeH Ha BbIxoge H3 HallpaBsaloujero alilapata; 
6 — TpeyrovIbHHK ckKOpOocTeHH Ha BbIxoye H3 pa6ouero Kovleca 


B 3a30pe M@XKAY HallpaB/IAIOWLMM allnapaToOM H paOouHM KosecoM npakTH- 
YeCKH MO2KHO CYHTATb, YTO BAOb CTPYHKH TOKAa 


Vy lo = Vuh 1- : | (V.1) 


JlonycTHM Tak>Ke, 4TO palvaJIbHble CKOPOCTH Ha BbIXOe H3 HalpaBJaAlo- 
ero allmapaTa v,, WH Me€pHAHOHAaJIbHbIe CKOPOCTH Ha BbIxofe H3 pabouero | 
KOIECA Um, PACIPeMeMAIOTCA PaBHOMePHO M0 CeYeHHAM H MOYLyT ObITb MO]- 
CUHTAaHbI 0 (opMy.1aM: 


—__@.. 
Org = 2H do’ 
8 (V.2) 
Me ~~ Fy ’ | 


rye F, — naoulaaqb BbIXOMHOTO OTBepcTHA ceueHHA paOoyero Kovieca. 
Torgza, NOACTaBHB B OCHOBHOe ypaBHeHHe TyYPOHHbI 3HaYeHHe CKOPOCTH 
C yYeTOM OCHOBHbIX COOTHOINCHHH TpeyroJIbHHKOB (puc. V.1), 3amuuem: 


_ ft _ fo, _ __Q . . 
Cu, = Oo = FZ Ore Cig & = Datrbo cig Xo; (V.3) 
Uno —= Uo — Umo ctg B, — Us _ a cig Bo. (V.4) 
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Tlocne npeoOpa30BaHHi nowy4uM 
ng 


——— — Ufo 


Q=—- @ 


l Le 
anbe ctg G + Fo ctg Be 


CJICHOBATCJIBHO, 


(V.5) 


Q =f (09, % HU Ba). 


TakHM oOOpa30M, H3MeHeHHe pacxoOa MpW NOCTOAHHBIX O6OpoTax HU Ha- 
mopax MOXKHO TPOH3BOMHTb 3a CueT H3MCHEHHA TpeX BeJIH4YHH: BbICOTHI Ha- 





Puce. V.2. 3HayeHHA NPHBeeHHHIX Ppacxogos Q,, 


Wid HanpaBAAIOULHX allMapaTOB c jlOnaTKaMH, 

HMEIOLLHMH: @ — NpOMHJIb OTPHLaTeAbHOH KPH- 

BH3HbI; 6 —— CHMMETPHUHHIA NpopHb; 6 — mpo- 
Hb NOJOKHTEIIbHOH KPHBH3HbI 


MpaBsiouero ammapata 0»; yraa 
BbIXOMa MOTOKa H3 HallpaBAAOULe©ro 
altiapaTa Q@»; yrvia BbIxXOfa noToKa 
M3 padoyero Kovleca Ba. 
PeryJIHMpoBaHHe pacxoOjla H3MeHe- 
HHeM BBICOTHI HallpaB/Atollero anna- 
pata by) NyTeM nepemMelleHHA ero 
BepXHeH KPbIIKH M1pHMeHACTCA JIMILIb 
B MaJIbIX TypOuHax. [Ipn 3Tom cno- 
co6e OOsa3aTeIbHO HaJIM4He Harlpa- 
BJIAIOWULHX OOTeKAeMBIX peOep (Hero- 
ABYDKHDIN HalpaBJAIOULHH annapar). 
HMyaye nouyuutTca HeycTOHuMBoe pe- 
ryiupospanne. B payuasbHO-oceBbix 
H lponesepHbix TypOHHax pacxoy 
O6bIMHO perysJupyeTcA H3MeHeHHeM 
yrla G@» MyTeM NOBOpOTa MOMAaTOK 
HallpaBJarollero ammapata. B Masbix 
rHAporypOuHax MHOrAa MpHMeHsner- 
CH peryJIHMpoBaHHe 3y60M CIHpaJb- 
HOH KaMepbI HH OJHOH JomaTKOH, 
pacilOJIOMKeHHOH B CHMpaJbHOH Ka- 
Mepe. B mnocaeqHemM culygae TOKE 


MCHACTCA YO Ay. B MonacTHO-pe- 


ryJIMpyeMbix TypOuHax HH TypOu- 
Hax TomMaHa pacxoy peryupyerca 
IPH HeEMOABYHXKHBIX HallpaBJIAOUluXx 
momaTKaX NOCpeAcTBOM moBOpoTa 
JonacTeH pa6ouero Koweca, YTO COOT- 
BeTCTByeT H3MeCHeHHO yrvia B5. Ta- 
KHe TYPOHHbI MPWMeHAIOTCA pesKoO. 

B NOBOpOTHOJONAaCTHbIX TypO6uH- 
Hax peryaHpoBaHHe pacxolla AOcTH- 


raeTCA OJHOBPeMeHHbIM TIOBOPOTOM JIOMaTOK HalipaBJIAlOllero allmapaTa u 
monacteH pa6oyero kKoJIeca, T. €C. H3MCHCHHEM YIJIOB Oy H Bz. 

IIpH o6TekKaHHH MOTOKOM HallpaBAAOWHX MoNaTOK TOTepH HeBeJIHKH. 
OcHOBHOe BJINAHHE Ha K. Hi. A. HalpaBJAlollero alimapata OKa3biBaloT NOTepu 
Hanopa pH Bxoge BOAbI Ha JlonaTKH. JIA YMe€HbUIeEHHA NOTepb HeEOOXOAHMO 
MipOCKTHPOBATb CUHPaJIbHYy!O KaMepy H HanpaBJIAIOWHH annapaT, YTOObI B HaH- 
Ooulee BAXKHOM AHana3zoHe pexXKHMOB paboTh TyPOHHbI YrOM aTaKH, yroul MexKLy 
BeKTOPOM CKOPOCTH MOTOKa B CHHPaJbHOH Kamepe HM KacaTeJIbHOH cpeqHeH 
JMHHeH HalpaBAIoWleH JONaTKH Ha BxXOe Obl] MHHHMAJIDHbIM. 

Ha puc. V.2 npeAcTaBseHEl HanpaBJAOllHe JOMAaTKH C pa3sH4YHOH PopmMou 


npomuwaa: 
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9) NpOPusb <OTPHLATebHO HK» KPHBUSHBI (euiny kasi BLIMY KIOCTHIO, Ha: 

NpaBseHHOH K OCH TYPOMHEI (puc. V.2, a); , 
2) CHMMeTPHUHbIK (puc. V.2, 6); | : 
3) NpOPHAb «MONOKUTEbHOK» KPHBHSHDI (BOrHYyTOH) Cc BOTHYTOCTENO,, ‘Ha 

npaBJIeHHOH K OCH TypOuHBI (pHc. V.2, 6). | : 

Bce sTH mpopuin u3s00paxKenbl NpH OMHAKOBbIX OTKPHITHAX Ao, HO BBI- 
XOMHbIe yrJibl &@ yY HHX pa3HBle. 

Han6oibmuh yrom a, OyfeT AaBaTb NpoHlb BOFHYTHH NOJOKUTebHOH 
KPHBH3HbI. M3 KpuBElx puc. V.2 BHAHO, YTO MPH OAMHAKOBHIX OTKPHITHAX Qy 
HanpaBAAOUlMe almapaTbl C pasHbIMH jOMaTKaMy OyAyT oOOanqaTb pa3sHoH 
NponyckHo cnocoOvoctpio. Handosbilad NponyckHad CHOCOOHOCTb y HampaB- 
AAoulero anmapata C C Npousiem MoOx*KATeEIbHOH KPHBM3HbI, HMeIOWLero HaH- 


2. rember 


COLUM yrON Qo. Hanpumep, npn 01 OTKPbITHH B ; 50% HanpaBJAAOULNH almapat 


C Npousem OTPHLaTebHOH KPHBM3HbI OyeT LaBaTb Q; = 1200 a/cex, ¢ cum- 
M€TPH4HBIM NpOpHJeM pH TaKOM Ke OTKPLITHH 1300 2/cex, c © Mpodustes NOJ1O- 
X%KHTeCIbHOH KPUBH3HbI 1380 z/cex. 

B TypOuHax cpeqHel ObICcTpOXOAHOCTH HanpaBseHHe noToKa mocae cnu- 
paJlbHOH KaMepbl ToMyuaeTcA walle BCerO TaKHM, 4TO HallpaBJIAIOWIHH ali- 
NapaT BbIHyKJeCH «PaCKPYTHTb» MOTOK, nomyauBuInit upe3sMepHy!lO 3akpyTKy 
B coHpaiv. B TaKoM cilyyae HaHOomee WemecooOpa3HO TIPHMeHATb JONATKH 
NOJIOMKUTEbHOH KPHBH3HbI C BOTHYTHIM K OCH BpallleHHA Tpoduvsiem. 

B OTKPbITHIX yCTaHOBKaXx, re NOTOK ONH30K K pafHa/IbHoMy, Oowee Onaro- 
IIPHATHbIMM ABJIAIOTCA MONATKH C OTPHIWaTeMbHOH KPHBH3HOH C BOFHYTOCTbIW, 
HalipaBJIGHHOH OT OCH Bpatlenus, (BLINYKJIbIe), JOMNOJHHTeIbHO 3aKp y4MBaio- 
Uke MOTOK. 

Jina MOBOpOTHOJONAaCTHbIX TYPOHH CO CNUpaJIAMH, MMeIOWIHMH HeMOJIHbIA 
yroul OXBaTa, yume BCero ObIIO Obl CTABHTb JONATKH ABYX MpopuJek: B OT- 
KPbITOH uacTHka MepbhI — BBITyKJIbie H B cHHpaJbHOH — BOrHyTble. OHako 
lipuMeHeuve JfonaTOK pa3sHOrTO Mpoduna y OAHOH TypOHHbI HellenecooOpa3Ho 
M10 KOHCTPYKTHBHbIM CcooOpaxeHuaM. IlosTomy AIA ObICTPOXOAHHIX NOBOPQTHO- 
AOMACTHBIX TYPOWH OObIMHO NPHHUMAIOT CHMMeTPHUHbIe HanpaBAAIOUWe J0- 
NaTKH. Takaa JlonaTKa WesecooOpasHa HW NO TeXHOMOrHYeCKHM coo6paxkeHHaM. 

Js BbICOKOHANOpHbIX PaWaJIbHO-OCeBbIX THAPOTYPOHH, OObIGHO pa6oraio- 
IMX Mp MaJIbIX OTKPbITHAX, ONTHM@AbHbIM TIpOPUAeM HallpaBJIAIOWeH JIO- 
MaTKH MOXKET ObITb UH BHINYKJIbIM, H BOrHYTHM. PemlaTb 3aqauy caeayerT OMbIT- 
HbIM IlyTeM C y4eTOM THMa paOouero KOJeCa HM NMapaMeTpoOB CIMpaJH. 


L[WIHHApHYeCKHH HanpaBASIOWHu annapat 


B HacTosilee BpeMA NPHMeHAeCTCA HECKOJIbKO THMOB HalpaBJIAIOWLUX all- 
maparos. HanOovlee paciipocrpanheH WHIHHAPHYeCKHH (palwabHbli) HanpaB- 
AAIOWLMH alliapaT, y KOTOPOrO OCH JIOMaTOK MapadeIbHbI APyr Apyry Hu pac- 
NOJIOKeHbI Ha WHJIMHUJPHuYeCKOH NMOBepXHOCTH. 

Ha pue. V.3 npuBegzena NpocTrehinand CXeMa WHJIMHApHuecKkoro HalipaBJIAlo- 
wero almapaTa, KOTOPHIM COCTOHT H3 HallpaBJIAIOWHX NoMaTOK 2, Haca>KeH- 
Hbl€é Ha HeMOABHKHbIe ocv JO u 3akpellJeHHble B HH2KHEM 9 u BepxXHeM / KOJIb- 
aX HalpaBJAlouero amnmapata. JlonaTKH CHH3y MMeIOT BbIpe3, B KOTOPBIN 
BXOMHT cepbra 4, COe@AHHeEHHAA C MOMOLIbIO WapHupa 3 Cc MOMATKOH peryn- 
PYIOMMHM KOJbUOM 8. TakuM OOpa30M, BCce JONaTKH, WapHHPHOCBA3aHHbIe 
C peryJIHMPyIOWlHM KOJIDILOM, TIpH NOBOpOTe KONbIa GyAyT NOBOpauyHBaTLCcA 
Ha OfHHakoOBLIH yroa. TloBpopoT peryupyloulero Kouba OCYyWleCTBAIAeTCA 
C NOMOWbIO TAr 7 OT pbluara 6, 3aKAHHEHHOTO Ha peryJIMpylollemM BaJly 9. 
Taka KOHCTPYKIMA HallpaBJIAlOWlero alllapata C MPHBOAOM, JeTalu KOTOpOrO 
PpacllOJIOMKeHbI HeEMOCpeACTBeEHHO y JIOMaTOK B MOTOKe BOJbI, Ha3biIBaeTCA CH- 
cTeMOH C BHYTP€HHHM perymHpoBaHHeM. HejloctaTKOM ee ABJINETCA TO, 4TO 
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PacNOJOKeHHble B MOTOKE BOI JeTAaJIM NPHBOJa MeWIalOoT TEUEHHIO *KHAKOCTH, 
CO31aloT JONMOMHHTeIbHOe COMPOTHBeHHe, WapHHpbl NOABepxKeHbI KOp- 
posuu. Ilostomy TakKaA KOHCTpyKUHA DpHMeHAeTCA JHIUIb DIA TYPOHH HeOOMb- 
WWHX pa3MepoB. 

Ha puc. V.4 n306paxena CXeMa COBPeMeHHOTO HallpaBJAloulero anmmapata 
C IIPHBOJOM JIA OCYUIECTBJICHHA BHelWHero peryAHpoBaHHA. B sTOH KOHCTPyK- 
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Puc. V.3. Unannapwaeckuit Ha- 
MpaBAAIOWHH alnapar Cc BHYT- 
PeHHHM Ppery/IHPOBaHHemM 


WHH JeTasiH MpHBOAa pacnosOKeHbI BHE MOTOKAa BOAL. HanpaBaarwulun an- 
napaT paciolomweH cpa3y 3a cTaTOPpOM, KOTOPbIM BbITIOIHeEH B JaHHOH cxeme 
B BHJ€ ONOPHbIX KOJIOHH 3#HanpaBaniollad JonaTKa 4 C TIOMOLLbIO HHKHeH 2 
H BepxueH 8 wand HanpaBsiseTcA B NOAWHMNHHKaX B HHxKHeM / HM BepxHeM 6 
KOJIblax HalpaBJIAloulero annapata. BepxHan wWalda onHpaerca Ha ABe onop- 
Hbi€ BTYJIKH 5, H3FOTOBJICHHbIe H3 OPOHSbI HH APeBMJIaCTHKOB HW yKpellJieHHble 
B cTronope 7. Ha kKonHell BepxHeH Wandbl HanpaBJIAlomen JOMaTKH HacaxKeH 
ppiar 9, KoTOpHI c NoMOUlbIo ceppru 10 WapHHPHO CBA3aH C peryJHpyIOWLHM 
KOJbIIOM //, CMOHTHPOBaHHbIM Ha Kpbullke TypOuHE /2. Perynupyromee 
KOJIbILO CBA3AaHO C MOMOLLbIO TAF C CEPBOMOTOPOM HallpaBJIAloWlero annapata. 
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JlaHHaA KOHCTpyKUHA WMeeT HaHOovlee WIMpoKkoe pacnpocTpaHeHuHe, of- 
HaKO IIPHMe€HHMa He JIA BCex (OpM MpoTOYHOH uacTH. JA HeKOTOPLIX KOH- 
CTPyYKILHH TYpOHH TIpHMeHAIOTCA HHbIe *OPMbI HalpaBJIAIOWNHX aNnaparTos. 





IAS \ 
LEFTIES seo } 
| Bern an 
y BESS | (| Puc. V.4. Lluanuapuuecknit ua- 
Yof = Np aBIAIOULWH allapaT c BHELIHHM 


peryJ1Hp OBaHHem 


Konnyuecknii HanpaBAioWM annapat 


Ha puc. V.5 noka3aH KOHHYeCKHH HalpaBAIOMlMH annapat, OCH HalpaB- 
JAIOULHX JIOMAaTOK KOTOPOTO pacnouIoxKeHbl Ha KOHHYeCKOH NMOBepXHOCTH. 

HwkHee KoNbuO 2 HanpaBsAlollero annapaTa NpH KOHHYeCKOM Halipas- 
JIAIOUIeEM allMapaTe OOA3aTeIbHO JOJDKHO ObITb CbeMHbIM JIA BO3MOXHOCTH 
OCYINeCTBJIGHHA MOHTaxKa H J@MOHTaKa HaKJOHHOK AOnaTKH 4. Tlon HHKHHM 
KOJIbILOM paciosoxKeHO dyHAaMeHTHoe Kobo /. Ta6apuTH 3TOrO KOUIbILa 
olpelemsioTrcA ra6apuTaMH ONOPHbIX CTATOPHbIX KOJIOHH 3. HanpaBsatomlaa 
nomaTKa HMeeT HHKHHeE H BepXHHe andl, KOTOPhle HaNpaBJAIOTCA B BepXx- 
He€M H HWKHEM NOAMHNHHKaX. BepXHHH NOAWHNHHK 6 CMOHTHPOBaH B rHe3ze 
KPbIIKH TypOnHbI 39. Prruar 9 ycTaHoBJeH Ha BepxHeH wWalide 7 HalipaBJAlo- 
eH slomaTKH. C MOMOUbIO MpOCcTpaHCTBeHHbIX WapHHPOB H ceper pbluar 
CBA3aH C PeryJIMPYIOWLMM KOJIbILOM 8, KOTOPOe HMeeT MPHBOA OT CepBOMO- 
Topa. | 

KonHnuecKHi HanpaBJAIOWH alnapaT 6marowqapA HaKJOHHOMY MOJIO2KeHHIO 
jOMaTOK HMeeT MCHbIUIHe raOapHTbl, 4EM WHAHHApHueCKHH, HU TpeOyeT MeHb- 
ero MpocTpaHcTBa JIA Pa3MelleHHA. OnHako HakKJIOHHOe pa3sMeleHHe J0- 
NaTOK BbI3bIBaeT yCJIOKHeHHE KOHCTPYKWHH HW TeXHOMOrHYeCKHe TPYAHOCTH 
H3-3a HeEOOXOAMMOCTH NPHMeHeHHA NpOCTPaHCTBeHHHIX WapHHpoB, Mepemen- 
Horo MO BbICOTe HpodusaA KOHMYeECKHX JOMNAaTOK. Topiesbie moBepxXHOCTH 
JIOMaTOK WH COMNpAKeCHHbIe MECTAa Ha KOJIbIWaX HalpaBAAlOMlero annapata AOJKHBI 
BhINOIHATbCA 110 ccepe. MontTax H AeMOHTaxK eTalleH HampaBJAtoulero all- 
NapaTa [pH KOHHYeCKOM PpaCNONORKeHHH MOMATOK 3HAYHTeNbHO CO KHeEE, 
HO BeC KOHHYeCKOTO HallpaBsnawillero alllapaTa MeHbIe IIMA ApHye- 
CKOrO. . 


213 








: 
. 
C4 
7 


YA PSS ceo cicZeZecedt, 


Vv 


——— 


(dnl nhenh nhc nah ath ih athohd | 








A 


~ 
a @te 
st 4 
a 
» ee 
' of 
‘ | 
regis ld 
. aoafl 
r « _ = . . aoe FS 
. . 7 a . 
‘we “es 7 hs hyes's mye te dates 
fe we re SN ot wee ae ete 7 
"ae a aed ae oP ope oe rrr eta oe Ps 
o 5 NGO 
‘ wo 
- oT e 


Puc. V.5. Konaueckui HanpaBato- 
WHA annapat 


OceBow HanpaBsIoOuWMh annapat 


Ha puc. V.6 nokasaHa cxeMa OCceBOrO HalpaBAloWlero alilapata, y Ko- 
TOporo OCH JONAaTOK paciowOKeHbl pakHasbHo. Tako HallpaBJAtoulHH all- 
apaT MpHMeHAeTCA JIA TOPH3OHTAbHbIX TYPOHH, HMEIOINHX MpPAMOOCHBIM 
HeCNHPaJIbHbi MOABOA Bosh. PaquasbHble HalpaBsAollHe somaTKH 1 CMOH- 
THPOBaHbI Tepe paOouvM KowecoM 7 B HalOpHOM MaTpyOKe 2, KOTOPbIH HMeeT 
nouycpepHueckHh Ipouib. ITO NO3SBOJIAeET COXPAHHTb MOCTOAHHBIMH 3a30Pbl 
Y TOPILOB NOBOPOTHBIX PpaHaJbHHIX JOMaTOK HalpaB/IAtomlero anmmapata. 
Bepxuve HW HWKHHE Wandbl OMMpaloTCA Ha COOTBETCTBYIOWNWe MOAUIHNHHKH. 
Ha HapyxHoH tance JomaTKH yCTaHaBJIMBaeTCA pbluar 3, KOTOPbIM C MOMOLIbIO 
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Cepbrt H IIpOCTPaHCTBeHHbIX WapHHpos 4, CBA3AH C Pery MHP YIOULHM KOJIbILOM 5, 
OXBaTHIBalOlHM HanopHbli naTpyOok TypOunel. Peryaupyromee KOMbUO CBA- 
3aHO C MOMOLIbIO TAT C CepBOMOTOpOM 6. BuyTpenHue Landpl omaToK yctTa- 
HaBJIHBaloTCA B NOAWHMHAKAaX, paCnOJIOKeHHbIX B OOTeKaTeJe, Nepel BTYIKON 
pa6ouero Kkoweca. 

¥Y oceBoro HallpaBAoulero anilapata paluadJibHble AOMATKH JOMKHbI AMeTh 
BIOb HO pawwHycy NepeMeHHbIH npopuab. Han6omee npoctbimu sABAAIOTCA 
NOCKHe JIOMaTKH, HO OHH He OOeCNeYHBaIOT ONTHMAJbHBIX SHEprerHyecKHX 
KayecTB TypOHHbI. Han6ouee speKTHBHbIMH ABAAIOTCA 3aKPYYeHHbIe Mpocr- 
paHCTBeHHble JOMaTKH. HeoOxoHMO TOJIbKO, YTOOLI OHH MOP CLYKUTb TaKKe 
3aNOPHbIM OpraHOM, T. €. YTOOL! B 3AKPLITOM NOMORKeCHHH KPOMKH coceqHHX 
MOMAaATOK MWIOTHO COMpHKacaJIMCcb. 

[a6apuHTnl HW Bec OCeBOrO HalipaBAlowlero almapata nowyuaioTca MeHb- 
HIMMH, eM UHHMHApHyecKoro HW KOHHYeCKOTO HalpaBJIAIOULHX allmaparTos. 

M3 paccMOTpeHHbIX THNOB HallpaBJIAIOWHX annapaToB B MpakTHuke rHApo- 
TypOocTpoeHHA KOHHYeCKHH HalpaBJIAIOWHH allnmapaT paHee MmpHMeHAJICA 
AHIUb B OTACIbHbIX CLYUaAX, HaNpHMep Mp PeKOHCTPYKUHAX CTapbIxX FHApO- 
TYpOHH, Kora B CyIeCTBYOLIHe rabapHTh! 34aHHA FHApoOcTaHUHA BUMCLIBaHCb 
Ooee MOULHbIe TypOuHBI. B nocaeqHHe roqbl KOHHYeCKHe H OCeBbIe HallpaB- 
JAAIOULHe alnapaTbl HadaJIH HaXOZUMTb NPHMeHEeHHE B CBA3H C CO3a@HHeEM HOBBIX 
WHaroHaJIbHbIX HW TOPH3OHTaJIbHLIX THApOarperaros. 

Hwxe nogpo6Ho paccMOTpeHbl BapHaHTbI KOMIMOHOBKH 3JIEMeHTOB KOH- 
CTPyYKUHH H MeTORbI pacueTa HaHOoOvlee pacipocTpanHeHHoro HallpaBAwomlerc 
alnmapaTa HW YyKa3biBaloTCA OCOOeCHHOCTH pacueTa KOHHYeCKOrO alimapata.— 

OcHOBHbIe pa3MepbI H COOTHOWICHHA IHMJIMHApHuecKOrO HalipaBJIAIOWero — 
alnapatTa B WeOM JIA pa3sHbIX JHAMeTPOB KOVIeCa B COOTBETCTBHH C 0603Ha- 


WeHHAMH Ha pue. V.4 npuBefenn B Tab. V.1. 
] Ta6aunua VI 


OcHOBHbIe COOTHOWICHHA B HHJHHAPHYeCCKOM HanpaBIAlOulemM annapatTe 








D,BM 


D/P 2g BM) He p/P, | h/D1 lon/P Ay. nl Py Ly/Py 

















| 
Z0 pees D,/Py 














1,2 | 16 | 1,20 | 0,87 | 0,90 | 0,070] 0,19 | 0,10] 0,13 0,20 | 0,135 
0,085| 0,24 | 0,11] 0,17 

2,5 | 16 | 1,17 | 0,81 | 0,90 | 0,078} 0,10 | 0,05 | 0,075 | 0,12 | 0,135 
0,125} 0,17 | 0,08] 0,12 0,14 

5,5 | 24 | 1,16 | 0,80 | 0,83 | 0,170} 0,10 | 0,05 | 0,75 0,11 0,130 

| 0,250| 0,16 | 0,06 | 0,12 

8,0 | 32 | 1,16 | 0,80 | 0,83 |0,230} 0,10 | 0,04} 0,075 | 0,09 | 0,125 


0,300 0,13 0,05 0,10 
9,3 32 1,15 | 0,80 | 0,83 | 0,320 0,12 0,03 0,85. 0,09 0,122 


' Tivametp pacnonoxeHua oceh MpOyuIHH peryaupylomlero KkoNbIa GyAeT GOAbUIe NpH HeKO- 
po6uatoh dmopme perysupylonjero Kobia. - : 


a = ll HN | LE ARI == 





2. CHCTEMbI APHBOJOB HANPABJIAFOIWIHX ANMAPATOB 
IIpHsox oT ceppomotopa K pery.Hpylowlemy KOJIbLLYy 


Ha Bpl6op KOHCTpyKUHH erase HalpaBJsarollero annapata, Ha HX KOMma- 
HOBKY OKa3bIBaeT BJIMAHHE CXeMa IIpHBOJa OT CepBOMOTOPA HalipaBJIAIoOMlero 
annapata. OObI4HO NpHBOA HalpaBAwwmlero altapaTa OCyMecTBAMeTCA OT 
BYX C€pBOMOTOPOB. _ 

Ha: puc. V.7 noka3aHa CxeMa MpHBOJa HallpaB/saiomero allmapata oT oL- 
HOrO CepBOoMOTOpa c AByMaA TaraMH. IlopmHeBow cepBomoTop / HanpaBJA10- 
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mero almapaTa C NOMOLbIO WITOKa 2, pbiaara 3 u perysupyroullero Bana 4, 
AByxmeyesoro pblgara 7, AByX nNepeceKalomluxca Tar 8, paCNOMO*KeHHHIX © 
NOX yrioM @ Wpyr K Apyry, CBA3aH C peryJIHpyIoulMM KoOsIbIOM 9. Perymupyt- 
WM Ball 4 HallpaBsAeTcA B NOAWMNHHKaX OW 6. OHH NOAMWHINHHK ABIAeTCA 
ONOpHO-ynopHbim. Takan. cxeMa C peryJIHpylOulHM BaJIOM HC TepecekKalolin- 
MHCA TAPAMH IIPHMeHAeCTCA WIA CPaBHHTebHO HeEOO/bIUNX TyYpOuH. Ona yqobHa 
TEM, 4TO MNO3SBOJIAeT pacnOMaraTb CepBOMOTOP BHe TYPOHHHOH WiaxTHI. 

IIpu aByx Tarax peryJiMpyromlee KOJIbILO HarpyxKaetca Oosee paBHOMePHO, 
4eM TIPH OJHOH. 
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Puc. V.7. Cxema npHBoga Halipapasiomero alilapatra c OMHHM CePpBOMOTOPOM H JBYMSA 
TATAMH 


Ha puce. V.8 nu300paxeHa aHaworH4uHad CxeMa C NpHBOJOM OT OAHOPO cep- 
BOMOTOpa, HO HMeloliad OfHy Tary. Ceppomotop 2 ycTaHoBJleH Ha nuuTe J, 
MMeIoOuleH NOXWHMNHHK 5. B NOAWIMNHHKH MpOXOAUNT perysHpylOulHH Bas 6, 
KOTOPHIM C NOMOWMbIO pHuara 4 CBA3AH INTOKOM 3 C NOPUIHeEBbIM CEPBOMOTOPOM. 
CHu3y peryJIHpylollero Bala 3aKIHHeEH pbmuar 7, KOTOPHIM C NOMOLIbIO Tar 8 
CBA3aH C peryJIHpyIOWHM KObIOM 9. HenocTaTKOM TaKOH KOHCTPyKIUHH 
ABIACTCA OMHOCTOPOHHee HarpyKeHhe peryAupyrollero KOMbIa OT OTHOH 
TAH. STO Tpe6yeT xopolero HanpaBJeHHA peryupyrollero KOMbia Ha OnOpe 
KPpbIWKH Typ6uHHI. B JaHHOH KOHCTPYKUMH perysupyrollee KOJIbILO HalpaB- 
JAeCTCA WHJIHHApHuecKHMH powmHkKamn 10. 


217 


Ha puc. V.9 mpescTaBsleHa cXeMa IIPHBOMa HallpaBusatollero alillapata 
C JBYMA NOPIIHeBbIMH CepBOMOTOPaMH, IIPHCOeCHHeEHHBIMH HeMOCcpeACTBeHHO 
K peryupytollemMy KOJIbuy. Kaxkaplh H3 CcepBomoTopos / 3akpellisaeTcaA B Me- 
TaJIM4eCKOH waxTe 7, 3a6eTOHHPOBaHHOH B TyYpOHHHOH wiaxTe. Merasu- 
yeCKHH KOKyX HMeeT *lahell, K KOTOPOMY KpeluTcA CepBOMOTOP HanpaBJ1Al0- 
ulero ammapata. Taro 2 nNopuiHeBOH CepBOMOTOp COeAHHEH C peryJINpyIOuLuM 
KOJIBILOM Yepe3s WapHHp 4; aHaJOTHYHO WHAHHAPHyecKHM WapHHpoOM coesH- 
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Puc. V.8.. Cxema npHBosa 

HallpaBJIAIOWulero allfapata 

C OHHM CepBOMOTOPOM H 
OMHOH TATOH 


HAeTCA HM Tara c nopuinemM. Peryupytoulee KombIO 3, yCTaHOBJeHHOe Ha 
Kpbllike TypOHHbI 9, OMpaeTCAH Ha Hee 4epe3 cnelMalbHyto Onopy 8. Perysnu- 
pyroulee KOJIbILO C TIOMOI bio Cepbru O UH pHluara 6 CBA3AHO C OMaTKaMH HallpaB- 
Jdroulero anmapata. Takaa cxema HanOoulee Npocta H UMeeT LIHPOKOe NpPHMe- 
HeHHe B IIpaKTHKe rHApOTypOocTpoeHHA pasHUHEIX cTpaH. JlocrouHcCTBOM 
STOH CXe€MbI ABAAeCTCA HasMuHe ABYX TAT AAA MOBOpoTa perymupyiolero 


KOJIbila, MOSBOMAIOMUX OCYIIeCTBATh IPHHIMN «nap CH. Peryaupyioniee 
KOJIbILO pH 9TOM MOXKHO BbINOAHHTb CpaBHHTeJIbHO HeOO/IbIIHX Pa3MepoB H 
OCYINeECTBHTb ero Mpocroe HampaBJIeHHe Ha |KpbIlliIke TypPOHHBI. 

AAA OCYWeECTBJIGCHHA TaKOH KOHCTPYyKILMH TpeOyeTcaA ClelaTb B OeTOHHOM 
WlaxTe COOTBeTCTBYIOW|He BLIEMKH, 4YTO OCMOKHAeT Tpotecc 6eTOHHPOBaHHA HU 
3aTPYAHAeT MpHMeHeHHe COOPHOH *ewlesoOeTOHHOH KOHCTPyKUHH. Tlostomy 
B pxade ciyyaeB Oblo IpH3HaHO WeslecooOpa3sHbIM He yCTaHaBJIHBaTb CepBo- 


218 


MOTOPbI HallpaBJIAlollero allmapaTa B WiaxTe TYPOHHbI, a HemocpesCTBeHHO 
pacnOJlaraTb HX Ha KPbIlllke TyYpOHHbI HAH BHYTPH peryHpyromlero Kouba. 

Ha puc. V.10 noka3aHbt pa3Hble BapHaHTbl yCTaHOBKH CepBOMOTOPOB 
Ha Kpbiuke TypOuHbl. Ha cxeme puc. V.10, a CaBOeCHHEIM NOpwiHeBOH MpxAMoO- 
OCHbIH cepBomMoTop /, HMeIONIHH BU WHIHHApa, ycTaHOBJeH Had peryJiupylo- 
IlHM KOJbIIOM 2. OH OMHpaeTCA Ha KDPbIIKY TYPOHHbI C NOMOLLbIO ONOpbi— 
KoHcomH 3. IIpamMomHHeHHOoe MepeMelieHHe NopliHeH 6 cCepBOMOTOpa ocylile- 
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Puc. V.9. Cxema NPHBOJa Halip aBAlowsero allnapata c ABYMA 
Cep BOMOTOPp amu 


CTBIACTCA TIpH Wosaye Maca B WHAMHAphI no TpyOxam 4. Lito B cpeqHer 
YaCTH HM€eT MOJI3SYH C IHJIMHAPMYeCKHM WapHHpOM 9, KOTOPbIM CBA3aH C pe- 
TYJIMpylOWluM KONbIOM. Ilostomy NpH MepeMeLeHHH NOPIMHeH CO IITOKOM 4e- 
pe3 1lapHup OyeT mepemelaTpcaA UW perysupyroulee KOIbIO, COBepliiad Kpy- 
roBoe ABH2KeHHe. BmMecte c HHM OyAYT ABHTaTbcA CepbrH H pbldarH, OTKPbiIBaA 
WIM 3a€KPbIBad HalpaBJIAIOWMH anmapaT. B sTOM BapHaHTe MPH MpocToH KOH- 
CTPpYKIWHH CepBOMOTOpa HeCKOJIbKO €Q%KHAaA ero yCTaHOBKa Hay peryJIMpyio- 
IMM KOwIbIIOM. Kpome Toro, B WwlaxTe TYp6HHbI TpeOyeTca MHOrO MecTa AJA 
efO yCTaHOBKH. | 
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Ha cxeme puc. V.10, 6 noka3aH aHaJIOrH4HbIH NMOpUIHeBOH CepBOMOTOp 
(IIyHKepHbIN), HO He MpAMOOCHHIN, a H30FHYTHIM, TaK Ha3bIBaeMbiii TOPO- 
BLIM CEPBOMOTOP, COCTOAMLMH H3 ABYX AYFOBbIX WHHHApOB 2 HW nayHxKepa 3, 
pacnoJiaraeTca HemocpescTBeHHO Ha KPbIUIKe TYpOHHEI y perylupyroulero 
Koubia 6. K peryupyloluleMy KOJIbILyY MpucoeqHHAeTCA ILMWJIMHApHuecKHh 
nasen 4, KOTOPbIH 4epes WapoBOH WapHHp 5 CBA3aH C IVIYH2KepOM CepBo- 
MoTopa. CieqoBaTebHO, IPH Nosaye Macjla no Tpy6KaM J B ILHAMHAPbI cepBo- 
MOTOpa, IWJIlyHxKep OyzeT nepemelllaTbcA HM ABHTaTb peryJIMpyloulee KOVIbILO, 
3AKPbIBaH HH OTKPbIBaH HallpaBJAIOWMH aliiapar. 
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Puc. V.10. Cxema ycraHOBOK IIyHoKepHBIX NpAMOOCHOrO (a) ’ 
H H30rHyTOrO (6) CepBOMOTOPOB HallpaBJIAIOWHX allllapaTos 
Ha KpbilKe TYPOHHbI 


IlnyHxepHbIM M30rHYTHIH CepBOMOTOpP CJIOx%KHeEe NO KOHCTPYKILHH, 4eM 
IpAMOocHBIH. On Tpe6yer Gowlee cmo*KHOTO Mponecca O6pa6oTKH CBOHX je- 
TalleH, HO 3aTO NpH HW3OrHyTOM CepBOoMOTOpe ero yyoO6HeEe pacmosaraTb Ha 
Kpbllike TypOHHbI HeMocpeacTBeHHO y perylupylomero KoNbua. na tTyp- 
OHH 6ObIIHX PaSMEPOB, HMEIOWIHX JOCTATOUHOe NPOCTPaHCcTBO BHYTPH KPbILIKH 
TYPOHHBI, BOSMO2KHO TIPHMeHeHHe OOBIGHBIX NOPLIHEBbIX Ce€PBOMOTOPOB, MIpH- 
COC¢MHHEHHbIX K peryJIMPyIOWeMY KOJIbILy, HO paCMOJIOKeHHbIX He B WaxTe 
TYPOHHbI, 42 BHYTPH KPbILIKH TypOHHbI. Takand cxeMa pacnowOKeHHA NpUBe- 
weHa B NepBOM H34aHHu MOHOrpadun «l uApoTypOuHbE, OHAKO pacnpocTpa- 
HeHHA OHa He NOyuMa. | 

BplaAH C1y4aH NPHMeCHeEHHA KPbIWIbYaTHIX CeEPBOMOTOPOB JWI MOBOpoTa 
OTJCAbHbIX JIOMaATOK HallpaBJialollero anmapatTa, HO Takwe KOHCTPYKIMH 
Tak%Ke MOKa He NOMYYHIH WHpOKOrTO NpPHMeHeHHA. 


IIpusoy oT peryaupylomlero KOJbIa K HalpaBaAdIOWHM JOMaTKaM 


HanpaBaatomHe JOmaTKH COeCAHHAIOTCA C peryJHPYyIOWIMM KOJIbIIOM C NO- 
MOLIbIO PhIuaroB, Ceper H WHJIHHAPHYeCKHX WapHHpoB. OcobeHHOCTbIO KPHBO- 
WIHNHOTO TIpHBOAa HalpaBJIAIOWMHX MONATOK ABJIAeCTCA HaMH4He JOMKOTO 
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cOe@¢IHHEHHA Ha OJHOM H3 3BeHbeB 3STOFO IIPHBOa, KOTOPOe NpedyCMaTpHBaeTcA 
AIA TOTO, YTOOKI B CJy4ae 3a4KJIMHHBaHHA MOCTOPOHHerO Tesla, MaBalowlero 
B 1OTOKe (6peBHa, JOCKH H T. J.) MeXKAY ABYMA COCEAHHMH JIOMaTKaMH, OCTAaJIb- 
Hbie JONATKH HallpaBJAlOWero ammapaTa MOrJIH Obl 3aKpbITbCA 6e3 NOJIOMKH 
qeTaseH mpuBoyza. B 3sTom caydae OyeT pa3pbiBaTbCcA HH Cpe3aTbCA TOJIbKO 
ciellHaJIbHO TIpeqyCMOTpeHHoe JIOMKOe cOoeqHHeHHe y IIPHBOa JOMaTOK. 
jipe momaTKH, Mey KOTOPBIMH HaXOAHTCH MOCTOPOHHee TesO, OCTaIOTCA 
OTKPBITHIMH. Ecau Obl OTCYTCTBOBAJIO CHelHalbHoe JOMKOe IpHcnocoOdsleHHe, 
Mor Ob! JIONHYTb 1H60 pbluar, WHOO cepbra HIM Wanda, TaK Kak yCHHe CepBo- 
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_ Puce. V.11. Cxema npupoga Ha- 
MIP ABIAIOULHX JIOMAaTOK 


MOTOpa IIPH 3aKPbITHH, HOPMAJIbHO MepeaBaeMoe Ha BCe MOMAaTKH, cocpejo- 
TOUHBaNOCb Obl Ha ABYX 3allleMJICHHHIX JOonaTKax. JlomMKHe npHcnocobeHHuA 
ObIBaIOT Pa3JIHUHbIX KOHCTpyKUHH (puc. V.11). 

Ha cxeme puc. V.11, a no0ka3aH MpHBOA, B KOTOPOM. JIOMKOe COoeqHHeEHHe 
OCyYIIeCTBJIGHO B BHAe pa3pbIBHOTO KOJIbIla, YCTaHOBJIGHHOTO Ha pbiuare. 
Ppruar 4 cBo6o2HO OeT Ha BTyJIKy pbiuara 1/0, KOTOPaa C MOMOIILbIO WINOHKH I. 
3aKIMHeHa Ha BepxHeH lande HanpaBaAnolmen JonaTKH 2. HwxKHHH pbuar 
uMeeT BbicTyn //, a BTYKa pblYara MMECT MeO 3, KOTOPble COCEAHHIOTCA M@XKLY 
co6oH.c MOMOUIbIO KOJIbIla 9. CreqOBaTeJIbHO, C MOMOINbIO STOTO KOJIbILa H CO- 
OTBETCTBYIOIMHX BHICTYIMOB pbiMar HW efO BTYJIKa COCAHHAIOTCA B CMHYIO KOH- 
cTpykunio. Ha kobe 9 HMeIOTCA BbIPeSbI, MOITOMY Ip BO3pacTaHHH Harpy3Ku 
NpH6H3suTeIbHO B 1,6—1,7 pa3a NpOTHB HOPMaJIbHOH 3TO KOJIbILO JOJKHO 
pa3pbiBaTbca. Kombio B JaHHOM Ciydae ABJIAeCTCA JOMKHM COeHHeHHeM, 
Np ero pa3pbiBe pblyar MOMKeT ABUaTbCA «Ha 3aKPbITHe» (KaK yYKa3aHO Ha 
cTpeKe), a BTYKa pbl¥ara OCTaHeTCA C MOMaTKOH B TOM MECTe, KOTOpOe 6yeT 
3apHKCHPOBaHO 3aKJIHMHMBIUeHCH eTaibio, NomaBluieh MeXKAy JIomaTKaMH. 
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Pprar c cepbroh 6 U cepbra C peryAHpyrOUlHM KOJIbILIOM 7 COeIHHAeTCA C TO- 
MOULbIO IHJIHHAPH4eCKHX WapHHpoB O H 8. 

Takaa CX€Ma KOHCTPyKUHH IIPHMeHAacb paHee Ha MHOrHXx TypOuHax. 
B nocneqHwe rogbl Takad KOHCTPyYKUHA He MpuMeHHeTca. Tak KaK TPpyAHO 
BLINOJHHTb HHJCHTHYUHbI€ PasphIBHBble KOWIbIa H MOCaTOUHbIe MecTa AIA HX, 
UTO TIPHBOXMT K CAHIIKOM Ppa3JIH4HbIM Pa3SPbIBHbIM YCHJIMAM JWIA pa3HbIxX KO- 
Jie. Kpome Toro, HeJIb3A peryJIMpoOBaTb AWIHHY pbluara uw ceppru. Ilosromy 
GosIbiuee PaciipocTpabeHhe NOY WBe KOHCTPYKIHH No cxeMam puc. V.11, 6 
H 6. B KOHCTpyKIWHH, NoKa3aHHOH Ha cxeme V.11, 6, pblgar HanpaBastouen 
slouaTKH { C NOMOLL{bIO IMOHKH 2 3aKHHeEH Ha Iande HalpaBsaroulen s10- 
naTku 5. [omoBKa pbluara C NOMOLUIbIO WapHupa J coesqMHeHa C NOA3YHOM 7, 
KOTOPbIM pa3pbIBHbIM OovIToM // WH ralkamMu 4 CBxA3aH c cepbroH 6, ApyroH 
KOHEIL Cepbr C MOMOIMLbIO WapHHpa 6 cOeMHEH C PeryJIHPYIOULHM KOJIbILOM 9. 
IIpu HopMasbHOK paOoTe TypOHHbI yCHJIHA OT peryAHpyloulero KOMbIa Ha 
pbluar pW OTKPbITHH H 3aKPBbITHH Nepealwtca yepes paspHIBHOH Gout. B caty- 
yae 3aKJIMHHBaHHA JIOMATKH IPH JBHKeHHW peryHpylollero KOJIbIla «Ha 
3aKPbITHe» (KaK YKa3aHO CTPeNKOH) paspbIBHOH OONT, HMeIOWMH Cneladb- 
HYIO BbITOUKY, YMCHbIUUAaIOULylo ero ceueHHe, pa3pbiBaeTCA H cepbra OyerT 
CKOJb3HTb 10 Now3syHy. JA 3TorO B Ccepbre NpeAyCMOTPeHbI COOTBETCTBYIO- 
live mpope3uv Aa ee cBoObozHOrO MepemenenHHA. Jina Toro uToOb nocae o6- 
ppipa 6ovtTa He ObIO Obl yHapa No3syHa O cepbry, MpelycMOTpeHbI aMOpTH- 
gsaTopH 10. : 

JJocTOHHCTBOM 3TOH KOHCTPYKILHH ABJIACTCA BOSMOXKHOCTH peryMHpOBaHHA 
JJIMHbI CepbrH 3a C¥eT paspbIBHOrO OoO/ITa Cc raHKaMH, 4YTO yupolaeT TeXHO- 
JOTHIO H3TOTOBJeCHHA HW COOPKH HallpaBsatoulero alnapata. B KOHCTpyKIHH 
C JIOMKHM Pa3pbIBHBIM KOJIBILOM, PaCCMOTPeHHOH Be, COopka H NOZrOHKa 
HalipaBJIAlOlero allMapatTa MpeAcTaBlAa 3HAYHTeJbHO OObIINMe TeEXHOQVIO- 
ruyeckHe TPpyHOCTH, TaK KaK B MpHBoOse He Sblvio KOMNeHCHpyroulero ycrT- 
potctpa. HegocraTKOM KOHCTPYKILHH NPHBOa C paspbiIBHBIM OOJITOM ABJIAeTCA 
OTHOCHTeJIbHaA PPOMO3AKOCTb CaMOH Cepbrv H HeOOXOAHMOCTS MpocTpaHcTBa 
Wid CBO6OAHOrTO MepeMeLICHHA CePLIH OTHOCHTeJIbHO NO3yHa Noce OOpEBAa 
pa3pbIBHOrO 6oJITa Np ABHXKeHHH perysupyroulero KOVJIbILA. 

Ha cxeme puc. V.11, 6 n0Ka3aH elle OLHH NPHBOA HanpaBAAIOMlenH TONAaTKH 
CO Cpe3HBIM IHJIMHAPH4eCKHM LITH@TOM Ha pbluare. Ora cxeMa IIpHMeHHeTCH 
B mocJlIeqHee BpeMA B GObIIMHCTBe TypOuH. B STOW KOHCTPYyKIMH pblyar TakxKe 
COCTOHT 43 AByX uacTeH. HwxKHAA BTyIKa pbluara / 3aKiMHeHa Ha ILande 
HalpaBJialouleH JonaTKH JO c NOMOUIbIO WNOHKH 3. Ha BTysiKe pbi4uara pac- 
nowowKeHa HaklayKa 2, KOTOpaH coeqHHeHa C HHKHeEM BTYJKOH C MOMOLLbIO 
cpe3Horo witudta 4 B eqMHYy!O KOHCTpyKHIO. Prmuar Cc NOMOLIbIO LWHIMHApH- 
yueCKOrO MlapHHpa 9 coequHAeTCA c cepbroH 5. Cepbra cOCTOHT H3 AByX Touio- 
BOK H CO@JHHUTebHOTO BHHTA & C mpaBoH HW AeBOH pesbOon. una cepbru 
MOXeT H3MCHATBCA IIPH NOBOPOTe COeCAHHHTebHOrO BHHTA; Ha BHHTe lpey- 
CMOTpeHLI KOHTpravkuH. Cepbra c MOMOMIbIO WHIHHApHuecKoro wWapHupa 7 
COCNHHACTCA C PeryJHPYIOULHM KOJIbIIOM 6. CreqoBaTeIbHO, IPH 3aKJIMHHBaHHH 
NOcTOPOHHeroO Tela M@KAY JoMmaTKaMH HalpaBsAlolwlero almapatTa H BOspa- 
CTaHHA YCHJIMA, TWepeqaBaeMoro OT cepBOMOTOpa K Cepbre, CpesHOH Mawel 
Ha pbluare MOKeT cpe3saTbCA HW Pbl¥ar CBOOOZHO NOBOpauyHBaeTCA BOKPyr 
BTYJKH. B jaHHOH KOHCTPYKUHH HanpaBleHHe 3aKphITHA Oe3pa3/IHUHO. 
B cxemax pue. V.11,a@ u @ HanpaBmeHHe 3aKPbITHA JOJOKHO OBITB CTporo 
OMIpeeJIEHHbIM, TaK Kak TepBbie ABe CXeCMbI HMeIOT JIOMKHe COCJHHEHHA, Ppa- 
O6oTalollLue TObKO B OAHY cTOpoHy. B HeKOTOpbIX KOHCTpyKUHAX HHOCTPaHHblXx 
(bupM B KauecTBe JIOMKOTO NpeAOXPaHHTeJbHOTO 3BeHAa HCMOMb3SyeTcA cepbra 
(cm. puc. V.7, V.8). B mpakTuke oTeyecTBeHHOrO TypOHHOCTpOoeHHA TakHe 
KOHCTPYKUHH He MpPHMeHAIOTCA. 
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Onopa perysupylolmero Kouba 


Ha puc. V.12 npeacraBJeHb! KOHCTpyYKUHH ONOPH peryAHpyroulero KOJIbIa. 
Ha cxeme puc. V.12, a noka3aHa KOHCTpyKWHA ONOph, rye Ha KPbIllike Typ- 
OHHbI HMeeTCA JOpoxKa J AA wlapHKoB onoppl. HWlapukn 2, coeqvHeHHbIe 
o60HimMoH 3, BOCIPHHHMaIOT Harpy3Ky OT Beca perymupyloulero kKobya 8 
yepe3 BepxHioio AopoxKKy 4. B pakvyanbHOoM HallpaBJIeHHH perymHpyromlee 
KOJbuO 8 yepKHBaeTCA IWiaHKaMu 5, 3aKpeNJeCHHbIMH Ha WHAHHApHuecKkon 
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Pac. V.12. Cxema KOHCTPyYKWHH OMOphl perysHpylomlero KOAbIa 


onope 6. Mexyy xkKpbluKOH TYpOHHbI WH peryJIHPyIOULHM KOJIBIIOM HMeeTCA 
NOJIOCTh 7, 3aMOJIHeEHHaA MaCJIOM. DTa KOHCTPyYKIWHA, XOTA H OOeCHe4uHBaeT 
MHHHMaJIbHoe TpeHve OularofapA WapHKOBOH onope, JOBOAbHO CJIOKHA. 
B nocseqHee BpeMA, KaK TipaBHo, IpwMeHAeTCA Oowlee 1pocTtand KOHCTpyK- 
IMA, WOKa3aHHaa Ha cxeme V.12, 6. B He OTCYTCTByeT WapHKOBaA onopa. 
Peryaupyloliee Kobo / omMpaeTCcA Ha CNeWHaJbHy!O OnOpy 4, KOTOpaH ycrTa- 
HOBJIeHa Ha Kpbillike TypOuHbI 3. Onopa umMeeT OypTHK 6, OrpaHv4nBalollHn 
NOWOCTh 2, 3anOJIHeHHy!O MaCJIOM. Onopa OOBINHO BBINOJIHAeTCA H3 4yYryHa 
HW COCTOHT H3 HeCKOJIbKHX YaCTeH, COCHHEHHBIX Mey coOoh Oomtamu 5. 


3. HATIPABJIAIOUIVE JIONATKH 
YcTaHoOBKa HanpaBAAIOWHXx NONAaTOK 


B KOHCTpyKUMH HanpaBlAioulero almapaTa OObIYHO NpeyCMaTPHBaIwrT 
BOSMOXKHOCTb BbICMa HallpaBJIAIOWeH JIOMNAaTKH. 

Ha pue. V.13, a uw 6 noKa3aHbI ABe CXeMbI ACMOHTAKa JIOMNAaTKH, NPHMeHsAe- 
MbIe B COBPeCMCHHbIX KOHCTPYKUMAX. : | 

Ha cxeme V.13, a’ noka3aHa KOHCTPyKIIHA, Np KOTOPOH BepxHee KOJbILO 
HallpaBJAaiollero annapata / 3a6eTOHHpOBaHO HM HMeeT (hacoHHble Npopesu 38, 
yepe3 KOTOpbie BO3MO2KEeH JeCMOHTAK HallpaBJAIOWeH JIOMAaTKH 2 BBepX, B WlaxTy 
TypOuHET. TloqwMnNHUK HanpaBJAloWet OMaTKH HMeeT *PlaHell COOTBETCTBYIO- 
eH MOpMbl, KOTOPaA MO3BOAAeT NMePeKPHITh acoHHble MWpope3uH KoOVJIbILa. 


1 BnepspHe npeqnoxena H. H. Kopanesbim; aptopckoe capuyzetenbcTBo Ne 50825. 
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Puc. V.13. Cxema eMOHTaxKa HanpaBAAIOWHx NOMaTOK 
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Takas cxeMa BbIeMa HallpaBJIAIOWeH JOMaTKH HaHOoslee pocTa, OHaKO 
OHa HMeeT HefocTaTKH. BepxuHee KOJIbIIO HallpaBJIAIoulero alnapata ocna6- 
JineTCA OarowapA PacoHHbIM Npope3AM B BepXHeM H HH2KHEM NOACAaX KOUJIbIIA. 
TlostToMy JIA COXPaHeHHA MOMeHTA COMPOTHBJICHHA CEYeEHHA IPHXOMHTCA yBe- 
JIMUMBaTb BBICOTY KOJIbILa H TOMULHHY ero CTeCHKH, UTO BeyeT 3a COOOH yTAxKe- 
weHHe KOHCTPYKILMH. Jia JeMOHTakKa MONaTKH, OcObeHHO HH3KOHaMOpHoH 
TYpOuHbI, HMe1ouleH OosbuUIOH pasMep Do, HeOOXOJMMO HpelyCMaTPHBaTb CO- 
OTBETCTBYIOMLYIO BLICOTY WaxXTbhl TYPOHHE. 

B HacToaulee BpeMA B CBA3H C IIpHMeHeHHeM KOHCTPyKUMA, B KOTOpBIX 
NOAMATHHKH pachowiaraloTrca Ha KDPbIlIKe TyPOWHbI, WlaxXTa MOMKeT He HMeTb 
WOCTATOUHOH BBICOTH AIA BeMOHTaxKa WomaTKH. TlostoMy B TaKHX KOHCTPyK- 
WHAX 9Ta CX€Ma JCMOHTaAKa JIOMaTKH MOXKeT ObITh HeocyulecTBuMa. MontTax- 
Hana cxema (puc. V.13, 6) HMeeT B 3TOM OTHOILICHHH MpeHMYyLecTBa, XOTA Je- 
MOHTaX H IIPOHCXOANT Gosiee COXWKHHIM NyTemM. B 2anHOH KOHCTPyKIHH BbIeMKa 
JONaTKH HalpaBAAIoMero annapata 3 MpOHCXOAUNT ItyTeM NOAHHMAaHHA JO- 
aTKH BBepX Ha BeJIMYHHY, AOCTATOUHY!O WA BbIeMa HH KHeH Landsl JONaTKH 
H3 CBOero rHesa, Wocme wero AOMATKY HAKJIOHAIOT H OMYCKAIOT B NOMOCTb pa- 
6ouero Komeca. Jlamee OHA MOXKET BbIHHMATbCA JIHOO 4epe3 CHUPaJIbHy!O Ka- 
Mepy, JH6O wepes OTCacbIBalollyio TpyOy, HAH Yepes cHelHalbHble JIOKH 
B KpbIllike TyPOHHHI. 

B BepxXHeM KOJIbIle HallpaBJaiolukero almapata / JaHHOH KOHCTpyKWHH 
HeEO6OXOJHMO IIpeyCMaTPHBaTb COOTBETCTBYIOMIHe ‘popesH B HH2KHEM TOsce 
JWiA BLIEMKH JIOMaTKH BBepx JO onca 2. Beicota A oT HHKHEerO: NoACa AO cper- 
Hero noaca 2 BepXHeFoO KOJIbila JOJKHAa ObITh AOCTATOUHOH IA BbIEMKH HWXK- 
Hel Walcpbl H3 rHe3qa HMXKHeErO KOJbUa HallpaBlatoulero arnnmapata 4. IIpo- 
pe3H B HW)KHeM Mosce B OO6eCHX CXeMaX TIPH HOPMaJIbHOH 9SKCIWyaTalHH 
3AKPbIBAIOTCA CHeMHa/IbHbIMH CTAJIbHbIMH JIHCTaMH, YKPeNeHHbIMH BHHTAaMH. 
B KOHCTpyKUHH Mo cxeme puc. V.13, 6 BepxHee KOJIbIO HallpaBJIAloulero all- 
llapata ABJIaeTCA Gomee *KeCTKHM, HO CaMa KOHCTPyKUHA — Ooslee clomKHOH 
H3-3a HaiH4uHA cpefHero nosca. IIpouecc AOMOHTamKa AONAaTKH TOwKe Goee 
ciomKeH. Baiem HanpaBsJiAlolleHh JIomaTKH 6e3 JeMOHTaAKa BepXHero KOJIbILa 
H KPbILIKH TypOHHbI WemecooOpaseH B TypOHHAaXx CPpaBHUTeJbHO OOMbIIMX pa3- 
MepoB, Ha4uHHaA c WMametpa Komeca D > 4 om. Ilpn Typ6uHax MeHbUIHX pa3- 
MePOB OCYINECTBIATb BbIEM Helleecoo6pa3HO B CBA3H C OTHOCHTeCIbHO HeOOJIb- 
WIHMH pa3MepaMH JeTasieh TYPOHH H CPpaBHHTeAbHO MPOCTbIM JeMOHTAaKOM 
Bcero arperata. 


KouCTpyKUHH HanpaBASIOUHX JONaTOK 


CrajibHaA HeJIbHOJHTaA JlomaTKa HanpaBJIAloulero annlapata AAA IIOBO- 
pOTHOOMacTHOH TYPOHHbI H300paxena Ha puce. V.14. | 

JlomatTKa cocTouT u3 Teta 2 o6reKaeMonH MOpMbI 4 BepxHeH / uM HHKHeH J 
wand. Bepxuaa nanda, 6Gomee ZNHHHAA, yCTaHaBsIMBaeTCA H HalipaBslAeTCA 
CBOHMH ILIMPOBaHHEIMH TOBepXHOCTAMH B ABYX BTYJIKaX NOMWMHMNHHKA BepxX- 
Hero KOJIblla HalipaBidiowero annapata. HwoxKHAA Wanda HalpaBsAeTCA BTYJ- 
KOH B HM2KHeM KOJIbIe HafllpaBsalolulero anmapata. Kone BepxHen iWandbl 
AONATKH TOUHO OOpabaTHIBalOT JIA lOCaaKH PbiMara, KOTOPHIM 3aKpelrtAoT 
Ha HeM C HMOMOIMIbIO WHJHHIPHYeCKOH WMOHKH. 

O6pIdHO nonarky emaror nycrore0H. Toumuna Tela Omar KH B.MecTe 





suipaerca, Wo3TOMy “KavecTBo: ) OBEDXROCHH lOHaTKH pe ee OTUHBKE 1OADKHO’ 
ObITb ‘ BBIGOKHM: . | 
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NoNOKeHHH. JIA JOMaTKH, NOKa3aHHOH Ha puc. V.14, B 9TOM MecTe HMeeTCA 
cnelHaJIbHoe THe3f0 B BUe JaCTOUKHHOTO XBOCTAa JIA YCTaHOBKH pesHHOBOH 
npokiaqKu 4. Mecro NoOJOKeHHA pe3HHOBOTO WIHypa Ha MOBeEPXHOCTH JONaTKH 
PUKcupyeTcA JBYMA palwycaMu (B WaHHoM cilyyae R = 490 u 219), Koropnie 
ONpeAeIAIOTCA HW3 MOCTPOCHHA HalipaBAAoulero ammapara. | 
ONbIT SKCIWIyaTaHH HalpaBAIOWHX alliapaTOB C pe3HHOBbIMH yIOT- 
HCHHAMH MexKAy JONaTKaMW NOKa3al, YTO HaO TULaATeJIbHO BbIOMPaTb H yBA- 
3bIBaTb (OPMY PeSHHOBOH MpoKNayKuH HW rHe3sfa Nox Hee Ha sonarTKe. IIpo- 
KlaKy HaO yCTaHaBJIHBaTb B Hesse C HaTATOM, HHaue IPH OOTeKAaHHH J0- 
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Puc. V.14. [enbyonutaad nonaTKa HanpaBaatoujero alimapara 


MHaTKH BOAOH OHH MOryT ObITb BEIPBaHbI. MoxwxHO MpoKMaaKy MPHByAKaHu3H- 
POBaTb K MeTaJIJIHYCCKHM WWIaHKaM H MOCAeTHIOIO YKpenuTb Ha JoNMaTKe C no- 
MOIbIO BHHTOB, HO 3TO CBH3aHO C YyCJIOMHeEHHeEM Mporecca H3roroBeHHA 
JOMAaTKH. | | : , : 

Ha puc. V.15 noka3aHbl BapHaHTbI CBapHbIX OMaTOK HallpaBAIOUlux 
alnapatos. [lokasaHo Take pyroe KpeleHHe pe3HHOBOH mpoKnayKH Ha 
NOBepXHOCTH JOMaTKH, NPHMeHAeMOe AVIA HanopoB cBbUe 50 m. PesnnoBaa 
Npoklayka 6 1pWoKHMaeTCA MeTAaJIH4eCKOH M1aHKOH 7, YKpelMeHHOH Ha BHH- 
Tax & B rHe3fe CTCHKH AONaTKH. Takand KOHCTpyKHHA JaeT Gomee HanexHoe 
3akpelleHHe pesHHbI Ha JOMaTKe. IIpH BLIGOpe TOMMHHbI AHCTa CBapHOH J0- 
MaTKH HeOOXOAHMO YUUTbIBATb TYOHHY 1a3a WIA YCTaHOBKH yIJIOTHeHHA. 

B pale KOHCTpyKUMH HalpaBAIOULUX JONAaTOK yNWOTHeEHHe MexKAY ABYMA 
COCeHHHMH JIONaTKaMH JOCTHTaeTcA 6e3 IIPHMeHeCHHA Pe3HHOBSIX YIWVIOTHE- 
HHH 3a CUeT IIPHKHMAHHA MIOTHO IpHTHaHHOrO NP MOHTa*Ke HOCHKA JONaTKH 
K TIPpAMOJIMHCHHOMY yUacTKy MOBepXHOCTH Ha CIIMHKe coceqHeH sonmaTKH. 
YrsOTHeEHHE MexKAY TOPUaMH JoMaTKH HW BePXHHM HW HHXKHUM KOJIbiaMH Ha- 
NpaBJAlollero almapata MOcTHraeTca HOO 3a cueT yCTAHOBKH MHHHMAJIbHO 
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BOSMOKHOFO 3a30pa Mey STHMH DeTanamu, 160 3a cueT yCTAHOBKH pesu- 
HOBbIX MpoOKlayOK. 

Tlepppri cnoco6 — npHmMeHeHve MHHHMAJIbHbIX TeEXHOJIOFMYeCKH OCYLIeCT- 
BHMBIX 3a30poB — TpeOyeT Govlee TOUHOH o6paborKH JONaTKH MO BbICOTe 4 
Oomee TOYHOTO MOHTaKa KOVJIbICBLIX eTalei HampaBsaioulero almapata. 

IIpH ycTaHOBKe pe3HHOBBIX MpokKafqok Ha OOTeKaeMbIX MOBepXHOCTAX 
BepXHero H HWKHEFO KOJel, HaNpaBJAIOWero annapata MIA yIJIOTHeHHA TOp- 
WeBLIX 3a30POB HalpaBJAIOWMMX MONAaTOK O6paGboTKa Hu MOHTaK jeTasen Ha- 
MpaBAlolMmero alllapaTa MOET OCYILECTBIATHCA Cc Goslee CBOOOXHbIMH JoONy- 
ckaMH. OfHako pu Takoi KOHCTPYKUHM, €CJIH pe3HHOBad poKlawkKa 6yerT 


BbIPBaHa H3 PHe3la, NPpOTedKH 





a) BOABI Yepe3 TOPILEBbIe 3a30pbI 
MOryYT 3HA4HTeEIbHO BO3pacrTH. 
A Jina sayaurero OCyllecTBe- 
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wana HHA YIJIOTHCHHA TOPIeEBbIX 3a- 
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Puce. V.15. CaapHaa sonatkKa Hamp abs alouyer 0 aliapata 


30PpOB Ha ONaTKe npeyCMaTpuBaior HAKJIOHHbIe M0cKocTH 5 u 6 (puc. Vv. 14), 
KOTOPBIMH JIONaTKa NipHxKHMaeTCA K pe3HHOBOH MpoOKJaqKe B 3aKPbITOM 
NOJOKeHHH. BolxXOWHble KPOMKH HallpaBJIAIOMMHX AONATOK NOBOpOTHOONACT- 
HOH TYPOHHEI NPH OOJbIIMX OTKPLITHAX CBeIHBalOTCA Hay KaMepoh pa6oyero 
KOuIeca, NOSTOMY IesecooOpa3sHO B HH2KHEHM YaCTH 7 CeyeHHe NONAaTKH WesaTb 
TOHbIUIe C TEM, UTOOK! MOTOK pH BbIXOM€ H3 H€€ H€ OYCHb CHJbHO 3aBHX- 
pAJICA. 

Tipu cBapHolt HanpaBamomel jlonaTKe (puc. V.15) mpuBapka wand K Teay 
OMaTKH TpOv3BOANTCA No BceH NepHdepuun, yTo OOecneynBaer HayexKHOe 
coeqHHeHHe B MecTe cBapKH. IIlpuBapKa angel HeEHOCPeNCTBeEHHO K TeJy J10- 
NaTKH HellenecooOpa3sHa BCeEACTBHE MAJIOH TOJIMLHHbI JOMaTKH MO OTHOIMeCHHR) 
K JWamMeTpy lWalidel. 

B. Bapuante puc. V.15, a momaTKa cBapeHa H3 NHTEIX @@TOTOBOK » Lan@ 
M Nepa OMaTKH B CMHYIO KOHCTpykuHo. Pacunenenhe AQWATKU Ha Tpu yacTH 
HW OTMHBKa CaMOFO Tela JONATKH HW Waldpsl PaslebHO NOaBOMAeCT 3HAYHTEIbHO 
YIPOCTHTb TEXHOJIOTHIO OTJIMBKH JIOMATKH H IPHMeCHHTb MaINHHHYIO (POpMOBKy. 
MosToMy Taka KOHCTPYKUHA MOKeT. 6bITh PCKOMCHOBaHa B cayuae npH- 
Me€HCHHA JIOMATOK, OTJIMTBIX H3 CTAJIN. 

M3 puc. V.15, 6 BHAHO, 4YTO COOCTBEHHO JONaTKa o6pasonana TpeMaA JIH- 
craMH 3, 4, H 5, CBapeHHBIMH MexKy cobOoH BepTHKabHO. I]pu stom uct 4 
IpHBapHBaeTcA K APYIFHM JIMCTaM -C MOMOL{bIO ‘ 3eKTPOUWIaKOBOn cBapKH. 
JIuctTbr 3 H 5 WITAMMyIOTCA B COOTBETCTBHH C podem NonaTKH. 

K sIMcTaM Tesla JIONaTKH CHH3Y WH CBepxy IIpHBapHBaeTCA TOPH3OHTAAbHbIMH 
INBaMH TVIOCKHe AMCTbI, HMeOWLWe OYePTAaHHA MpopwA MONATKH. OTH JIHCTLE 


15* 
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OTJIHTLHI BMeCTe Cc BepxHeH / H HHxKHeH 2 LandaMH JONaTKH. XoTA CBapHan 
HalpaBJAlowlad AONaTKa MO BeCy HeEMHOFO OTJIHYaeTCA OT AMTOH, HO CTOH- 
MOCTb e€€ H3rOTOBJICHHA MeHbIUe Ha 30—40%. Tlostomy cBapHble KOHCTpyk- 
UHH JOMNaTOK HaxOAAT BCe OOJIbIilee MPHMeHeHHe B THApoTypGbocTpoenHH. 


NoWIHNHHKH HalpaBAAIOWHXx JONaTOK H HX cmaska 


PaHbile B NOMWHNHAKaX Wand HalpaBJAIOULHX. NOMaTOK, KaK MpaBHvio, 
IIpHMeHAJIHCh OPOHSOBbIe BTYJIKH H MaCJIAHad cMa3Ka. HwxKHAA Wanda cma- 
SbLIBaIaCb Yepes TPyOKy, MpOXoOAAULy!o BHYTPH AonaTKH. B nocaequHe rod 

B OTe4eCTBCEHHOM THJpo- 


| Litt TYpOOCTPOeCHHH WIA BTY- 
a) | | te °) OK IpHMeHAIOT mpenec- 
a | | HbIH TlacCTHK H CMa3bIBa- 

| | | 9 IOT BTYKH BOZOK. Korgza 
d=(0,2+0,15)d, o AT BOJa 3arpAsHAeTCA H He- 

ceT MHOro mecKa, NpHMe- 
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my : a u~ A-A. Kpenieh Ha BepxHeM 
: 3 : Si 6 KOJIbIe HallpaBsAlomero 
 e | pT oN Aix annapara Oo. Hwxnaa 
| - So BT YyIKa ycCTaHoBaeHa B 
Bapuanm c¢ ynopHoim KonbyoM | 7 oe - .. HHJKHeEM. KOJIbHe Halipa- 
Oy Co 7 BAAIoWero alnmapata 6. ~ 


| [IpH MacaaAHOH cMa3Ke 
 ' Puc. V.16. Hog- . (pac. V.14, 6) nog cpen- 













_ WIWHHHK Hanpa- - HeH 2 BTYJIKOH pacnoua- 
IMAG 
\ ZZ LL < BAlOULeH onat- 
: farce . a _ . .' PaeTcenH VIVIOTHCHHe, Npe- 
95 ELIS G KH WA BOATHON y y Tp 


(a) WIA Macna- AOXPaHAlOMlee OT TIPOHHK- 


Stee = 

ZN NSS HO cmasku (6) HOBCHH BOI K BTY1KaM 
EN \ 3 Wf BHYTPb WaXxTE Typ6u- 
N SN Ls - .... Hbr. [IpH BoqAHOH CMa3Ke 


| Oo ee (pre. V.14, a) ~ynaoTHe- 
HHA PaCcnOJIOKeHb! Hal BepXHelt BTYIKOH. YIINMOTHEHHE COCTOHT H3 pesHHOBOH 
MaHxeTh //, ApeHaxHoro Kobua 12: 4 HW KHETO  MpHKHMHOFO KO\JIb- 
ua /3, KOoTOpoe NoxwKHMaeTcA BHHTOM [4. B: Bapwante pune. V.16,6 aaa 
CMa3KH yNOTpeGJAloT ryctoe MacHo, KOTOpoe nNoABOAHTCA To TpyGonpoBory 7 
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K cpeqHeh HM BepxHel nandam. Jia OTBOZa NpocayHBaloujenHcaA BOAbI yepes 
yNOTHEHHA CAyYKUT TpyOka 8 usu 18, KOTOpaA OTBOAHT BOY OT cpeqHei 
BTYJIKH HH nNocwie BepxHeH. 

TopueBbie 3a30pbhl HanpaBsAaiomeH JIOMaTKH TIpH ee MOHTaxKe yCTaHaB- 
JIMBaloT H (HKCHPYIOT Np ycTaHoBKe pbl¥ara Ha HalpaBJAIOllylo AoNaTKy. 
Ppluar 3aKJIMHHBaeTCA Ha Walitbe B HYKHOM MOJIOKeHHH. CreqOBaTeIbHO, PbI- 
yar OMaTKH ABIAeTCA Kak Ont ee naTOH. JIonaTKa nowBemeHa Ha pbyare, 
KOTOPHIHM OMHpaeTca Ha lane NOAWHNHHKA CBoOeH HHXKHEH TOPIeBOH IIOC- 
KOCTbHO. | 
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Puc. V.17. YnnoTHeHHA TOPLEBHX MNOBepXHOcTeH MONATOK Hallp aBJalowero 
alilap ara 


IIpH BoAHOM CMa3Ke NOX PHYaroM HaXOANTCA ApeHaxkuHoe Kobo 17, 
MaHKeThI C KOJIbILOM H3 ApeBecHoro naacTuKa /0. JiMamMeTp BepxHeH wWalidpl 
HallpaBAloWeh WONaTKH d, , OObIUHO BLIOHpaeTcA Tak, 4TOObI Mey Waldpor 
HM BTYIKOH Onl HeGoOMbWOH 3a30p. STO NOSBOIAeT OCYWIECTBUTb Wesecooopas3- 
Hoe paciipeneseHve HanpAxKeHnH 3a cueT ee ynpyrux AedopmanHi. Tloypoobuo 
93TO PacCMaTPHBaeTCA MPH pacueTe JONaTKH Ha IPOUHOCTH. | 

Ha puc. V.16 noka3aH BapHaHT NOAWHNHHKA C YNOPHBIM KONbIOM. Ta- 
Kad KOHCTPyKILMA NpHMeHAeTCA TPH BEICOKOHANOPHbIX TypOnHAaX, Kora BCe]- 
CTBHe aBJICHHA BOAbI CHH3Y Ha TOPeLL Wandbl HanpaBAolwjeh NOMaTKH NOAB- 
NACTCA SHAYHTeIbHOe yCHHe, HallpaBseHHoe BBepx. J{peHaKHoe Kombo 15 
B 9TOM Calyuae HMeeT ynop. TlosHuHeh 16 O603HadeHO peSHHOBOe YIJIOTHAI- 
Wee KOAbIO M@2XKAY KOPMycoM NOAUWIMNHHKa WH BEPXHHM KOJIbILOM HallpaBuJiAlo- 
wero almapata. | 

Ha puc. V.17 noka3aHoO MaH2KeTHOe yIJIOTHeEHHe, KOTOPOe NPHMeHAJIOCb 
paHbule B OTeC4eCTBEHHbIX KOHCTPyKUHAX. OHO NOAPOOHO ONHCaHO B HepBOM 
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H3aHHu MOHOrpapun «luzpotypOuHbm. Kpome MaHxKeTHOrO yIWOTHeHHA 
Walch, yMJIOTHeHHe BepXHeH Wancpbl HaNpaBJIAIOWeH MOMATKH OCYILeECTBAAeTCA 
H C MOMOILLbIO CaJIbBHHKOBOFO YIVIOTHEHHA, MOKa3aHHoro Ha puc. V.18. B aston 
KOHCTPYKILHH Ha BepxHeH tlande / HallpaBsIAOUlero alnapata BbIlle cpeqHen 
BTYJKH 4 pacCNoslOKeHO CaJIbHHKOBOe YIVJIOTHeHHe, COCTOAIIee H3 HaKHMHOK 
BTYIKH 2 4 HaOuBKH 3. Takum oOpa30m, cpeqHAA BTyiKa 4 CMa3bIBaeTCA BO- 
WOH, a CaJIbHHKOBOe YyIMIOTHeHHe MpesOxpanAeT OT MPOHHKHOBeHHA BOJDI 
BHYTPb TYpOHHbI. JIA NOWKHMA BTYJIKH 2 H WAA YNIOTHEHHA HaOHMBKH Mpe- 
| AYCMOTpeH JOCTYN K CaIbHHKYy Yepe3 COOTBEeT- 

cTBylollee OKHO J B peOpax BepxHero KOUIbILa 

HallpaBJIAIOulero almapata. 

[IpH mpoeKTHpoOBaHHH HalipaBJiatoulero an- 
WapaTa OWeHb BaxKHO JOOHTLCA MIOTHOCTH pH 
eTO 3aKPbITHH, Tak KaK HallpaBJIAIOWMH anna- 
paT ABJIAeTcA 3anmo0pHbim opraHom. I[Ipu 3TomM 

YIJIOTHATb TPHXOAHTCA IWIOCKOCTb COlpHKa- 

CalollHxXcCA Apyr c ApyroM HOCHKa H CIHHKH 

COCeIHUX JIOMNATOK HV 3a30pbI MeEXKY TOPIeBbIMH 

WJIOCKOCTAMH JlOMaTKH H HHXKHHM HW BepXHHM 
(@LLLET 4 
SSSSSSJ_—sC#K OVI bILAMH HAallpaBsJAloulero anmapata. YMWJIOT- 
HeHHe MOET ObITh AOCTHHYTO 3a CUET TLLAaTeJIb- 
HOH MIpHrOHKH IWIOCKOCTeH, CONpHKacalolluxca 
JOMaTOK H MHHHUMAJIbHbIX 3a30POB, 4TO Goviee 
WesecooOpa3Hoa, HIM Ke YCTaHOBKOH Pe3HHOBbIX 
YNJIOTHEHHH, KaK YK@a3bIBaJIOCb BBbILEe. 

Ha puc. V.16 B ceuweHuu A—A noxKa3aHa 
yCTaHOBKa pe3HHOBOTO YyMJOTHEHHA MeKLy 
monaTKkaMH. [I[puH ynOTHeHHH TOPILeBbIX COeCMMHEHHH MpUMeHAIOTCA WIHYpHl, 
yCTaHOBJICHHbIe B BepXHHX HM HHXKHHX KOJIbWaX HalpaBAloulero anna- 
pata, Kak 9TO yKa3aHo Ha puc. V.17. IIpH Takow KoHcTpykKIHH ynuoT- 
HeHHA HeEOOXOLHMO OOpalllaTb BHHMaHHe Ha MpaBHJIbHbIH BEIOOop AHameTpa 
ynaotHenua D,,. | 

YWIOTHEHHE JOJKHO pacnosaraTbCA TOUHO MO AHaMeTPy, Ha KOTOPOM IIpo- 
HCXOMHT COMPHKOCHOBeHHe CM@XKHbIX JOMAaTOK. [Iporeaku B HallpaBJIAIOWleM 
allapatTe JONYCTHMbI JIHIIb TaKHe, KOTOPble He OOpa3yloT LEHTPOCTPeMHTEVIb- 
HBIX CTpyH. BenuuHHa mpoTeuek B HOBBIX TypOHHaAX Yepe3 3aKPHITHIN 
HalpaBIAIOWWH annapaT cuutTaeTca JOMmycTHMOH npu BemHuHHe 0,3—0,4% 
OT BEHYHHEI pacxoya BOLI Yepes TypOHHy pH Hanopax Jo 150 mu; jo 1% 
np Hanopax oT 160 go 500 om. | | 

KOHCTpyKWHIO yYMJIOTHEHHA HallpaBsAtoujero annapaTa MOXHO CYHTaTb 
xOopomeH, CCH MPH WaBeHHu BO3LyxXa NOX KpbIuIKOH TypOuHEI B 2 Ke/cm? 
CHHKeHHe ero B TeyeHHe | 4 3a CdeT yTeYeK He GyeT NpeBbIWAaTh 0,5 Ke/cm?. 
CrelyeT UMe€Tb B BHAY, 4TO ANA GOMbINMX MA@lIHH TaKylo OMeHKy yIJOTHe- 
HHH OCYyIeCTBHTb TPyJHO. | | 
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Puce, V.18. Koucrpykuua caJibHl- 
KOBbIX YIVWIOTHEHHH BepxXHel Ial- 
Mh HalpaBJAIOWLHX JONAaTOK 


a“ 


4. TIOCTPOEHHE HATIPABJIAIONNErO AMMAPATA 


Oxo Iipou3sBOAHTCA IIpH onpeseneHHH xOfa CepBoMoTOopa, obecmeuHMBalv- 
mero OTKPbITHEe HallpaBAAoOWero anmapata, WIA OKOHUATeNbHOTO BHIGOpa 
HapaMeTpOB KHHe€MaTH4eCKOH CXeMbl MCXAHH3Ma MOBOPOTAa HW MA MpOBepKH 
OTCYTCTBHA 3a2eBaHHA COCeEJHHX pbl4arosB HW ceper pH KpawHHXx NOMOKeHHAX 
MeXaHH3Ma H Nocye OOPHBa JOMKHX CoeqHHeEHHH. CreqOBaTebHO, AIA 3TOTO 
NOCTpOeHHA HafO 3HaTb BeNMUHHY OTKPHITHA Ay, KOTOPOe WOKeH OGecre- 
4HTb J@HHBIM HallpaBJIAIOWMMH anmmapatT. OTKpbITHe HanpaBsAAIoMlero amma- 
paTa Q) 3aBHCHT OT KOSdpuLHeHTa ObICTpOxOAHOCTH TYpOHHbI 2,. Uem G6oumee 
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OnIcTpOxoOaHa TYpOuHa UH, CAeEOBATeJIbHO, 4eM OObUIe ee NpOoMycKHaa croco6- 


HOCTb Q,, TEM OTHOCHTEIbHO GOsbUIee OTKPLITHE HalpaBALOMero alMapata Ay 
Halo IpelycmMaTpuBaTb. Jina 6onee ObICTPOXOAHBIX TypOHH Tpedyercn H 601b- 
Wan BbICOTa HallpaBJAloWlero alnapata. 

Ha pwc. V.19 MpuBexeHbl OpHeHTHpOBOUHbIe SHAYCHHA MAKCHMAJIbHBIX 
OTKPbITHH HanpaBAOlWero alMapaTa Qy HM eFO BbICOTbI Dg B 3ABHCHMOCTH OT 
KosppunHventa ObICTpOXOMHOCTH Ns. 

Jin TypOHH MajoH ObiICTpOxXOAHOCTH, HallpuMep pH n, = 200, dy = 
= 43% oT MaKCHMaJIbHO BO3MOXKHOrO OTKPbITHA (KOra JoMaTKH pacnouo- 
2KCHbI pajlHalbHO) HW BbICOTa HallpaBsaioulero anmmapata by, = 0,18D,; upH 
ObICTPOXOAHOCTH nN, = 800 OTKPbITHE JOJKHO ObIThb @yg = 77%, a BbIcoTa Dy = 
= 0,5D,. Ecan mpu Tako G6ombuioh ObICTpOXOJHOCTH @) H Oy OYAYT 
MeHbIe Pe€KOMCHJOBaHHHIX, 9TO BbISOBeT OoObINOe yBeIMYeHHe CKOpocTel 
B HallpaBJAtOlleM annapate u 60/1b- | 05% 
uve MmoTepH. 

ITIpH KOHKpeTHOM MpoeKTHpoBaHHH 
TYPOHH OnpesereHve OTKPbITHA ee Hallpa- 
BAAIOWLETO alimapaTa MpOH3BOAAT NO yHH- 
BepCcaJIbHOH xXapaKTepHcTHKe jaHHOro 
THMa Kosieca. J\Id Kaxkgoro Tula Kovleca 
JONATKH HalpaBJAlOWlero alMapata aH- 
Horo podwvJIA B 3aBHCHMOCTH OT HX OT- | 
KPbITHA GQ, ‘TIpolycKaloT onmpeyeeHHbli | 
pacxod, KOTOpbIfi ONpenemaetca pH UC- 100 200 300400500600 700800900 ri g 
NbIT@HHAX MOACIH KOJIeCa. Ha yHuBep- Puc. V.19, Opventaposounbie 3HayeHHA 
CaJIbHbIe XAPAKTeEPHCTHKH HAHOCATCA KPH- OTKPLITHA HalpaBJAloulero alnapata Ao 
BbI€, COOTBETCTBYIOIWLHEe OTKPbITHAM Halpa- #* Oo puuNer bo 2 3aBHCHMOCTH OT KO- 
BAAIOULerO alilapata. THCHT A DBICTPOXOAHOCTH Ts 

Iipu nepexoye K J€HCTBUTeJILbHOH TYpOHHE OT MOJeJILHOH HW IPH onpere- 
JIGHHH JAHHbIX HalpaBAAIOMerO annapata NOAb3YIOTCA Pe3syJIbTAaTAaMH HCIIbI- 
TaHHH, UMeIOIWHXCA Ha YHHBepCabHOH xXapakTepucTHKe (OTKPBITHE 4p), 
MH jjaHHbIMH MOJeIH, KOTOPaA HCIBITHIBalacb (Mpodpvib HanpaBAAIOUIHXx 
JONAaTOK, BbICOTa, KOMMYeCTBO HW WHaMeTp HX pacnomomKeHua). Hanpassato- 
ulwe JOMaTKH JeCHCTBUTebHOH TYPOHHbI Mp HHHMAaIOT reOMeTpHYeCKH nowo6- 
HbIMH MOJ@JIbHBIM. 

Ha JIM3 HopMa/1H30BaHbI OCHOBHEI€ COOTHOWeHHA Npobunel HanpaBsat0- 
ULHX JIOMATOK. 

Ha pue. V.20 uw V.21 uw Bta6n. V.2 u V.3 nNoka3aHbI OCHOBHbIe pa3Mepbl 
H COOTHOWICHHA COOTBeETCTBEHHO CHMMeTPHUHBIX HeCHMMETD HHBIX BOrHy- 
THIX MpoduseH MonaToK HallpaBAlolero alnapata. 

Bul6paB npouib HaTypHOH HalpaBAIOlleH JIOMaTKH B COOTBeTCTBHH 
C MOJ€JIbHBIMH, KOJHYCCTBO HanpaBJAIOMNX JC monaTOK WH HamMeTp Ux paciio- 


ee a 8 es 5 


JOKeHHA, ONpeAeMAIOT 110 YHHBepcalbHOH XapaKTepHCTHKe MAaKCHM@aJIbHOe 
OTKPLITHE HalipaBAAIOMerO alMapaTa Ay max B COOTBETCTBHH C JaHHbIMH pa- 
6OTbI IPOeKTHPYyeMOK TYPOHHbI Ha YHHBEPCaJIbHOH XapaKTePHCTHKe. 

O6bIdHO MaKCHMaJIbHOe OTKPbITHe HallpaBsAlOMlero almapaTa NpUXxOAUTCA 
ONpekeiATb TipH MHHHMAIbHOM Hallope, uTOObl, MpOMycTHB MaKCHMAaJIbHbIM 
pacxoy, oG6ecneyuTbh Ha TYPpOHHE TpeOyeMylO MOLIHOCTh IPH MHHHMaJIbHOM 
Hanope. [IpH pacueTHOM H MaKCHMaJIbHOM Hanopax oOObIyHO He TpebyeTca 
NOJIHOCTbIO OTKPHIBATb HaNpaBJAIOUIMH annapar. 

SHadeHHe OTKPbITHA HaNpaBAAIOWerO aNMapaTa Ap max HaTypHOH Ty pOHHEI 


NpHOM2KCHHO MO2XKHO OLpeleHTb NO cielqyoulen copmy.ie: 





__ — Dizon 
Qo max = 40 m max “de MM. 
0 
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Bul6paB pa3mMepbl HalpaBAloWwero annapata H 3HAaA pg max, IPOH3BOAAT 
ero MOcTpoeHue, Kak yKa3aHO Ha puc. V.22. Ja sTOTO B BO3MOXKHO OobIUIeM 
MacilTa6e BhIMepYHBaIOT CMEXKHbIe JOMATKH HallpaBsAlOWerO alllapata B 3a- 
KPBITOM MOJOKeCHHH H MPH HeCKOJbKHX OJMHAKOBbIX BeAHYHHAX OTKPHI- 
THA Qo. JlA KaxKOTO NOMOKeHHA HaNpaBAIOULHX AONATOK BbIVepYHBaIoT Cco- 
OTBETCTBYIOINee NOMORKeHHE PHIMaroB H Ceper H ONpeseNAIOT Nepememlenue pe- 
ryaHupylomlero Kobua Ha WHametTpe D, u D,. [lepememenue peryaupyloulero 
KOJIbILa Ha AHametpe D, OyjeT paBHo xoxzy cepBomorTopa s. B xo, cepBomoTopa s 
BkKmoualoT xo As, HeEOOXOAHMbIN WIA CO3MaHHA HAaTATa HallpaBJAloOWero an- 
apata B 3aKPbITOM MOMO%KeHHH 3a CYeT YOPyrHXx AepopMawHH 3SBeHbeB Me- 
X4HH3Ma TIOBOpOTa. 





Puce. V.23. TlocrpoenHe nalpasBasioulero alllapata cO cpe3HHIM Ma/ibleM Ha phHiuare 


IIpakTHyecKH pH NOcTpoeHHH HallpaBAloulero anmapatTa MoMb3yroTcA 
CilelHaJIbHbIMH Wa6sOHaMH TpoduAeH JOMNaTOK, H3FOTOBJICHHbIX H3 IVIOTHOH 
OyMarH HJIH KapToOHa B COOTBeTCTBYIOWIeM MacuiTaG6e. TakHe ma60HbI 3Ha4dH- 
T@IbHO YCKOPALOT Mporecc H3rOTOBJeHHA Takoro 4YepTexa. IIpu stom o63a- 
TCJIbHO HCCJIELYIOT pa3Hoe NOMOMRKEeHHe WOMNATOK, phl4ara H Ceper NpH oOpHIBe 
JIOMKOFO COeC@AHHEHHA, KOra HapywaeTca oOulad KHHEMATHUeCKaAH CBA3b 
BC€X 3BCHbe€B MCXaHH3Ma MOBOPOTa, YTOOH H36eKaTb BOSMOMKHBIX MOJIOMOK 
yeTasieh 3TOTO Me€XaHHv3Ma. 

Ha pucyHkKe WITpHxXaMH NOKa3aHo NoOOKeHHe CePHr MO OTHOWIEHHW K PbI- 
"wary pH oGppiBe pasppHiBHOrTO OO/1Ta HW 34KNHHMBaHHH JIOMaTKH C pbluaroM 
B OTKPbITOM NovliomeHHH. IIpuH sToM cepbra He CONpHKacaeTca c cocelqHeH 3a- 
Kpbipiuelca cepbroH. Wem 6oublHee OTKPbITHe HaNpaBAAlIOMLero alllapata Hao 
oOechedHTb Ha JaHHOH TYpOHHe, TeM TPYAHee OCYINECTBHTb OTCYTCTBHE B3aHM- 
HOTO 3afeBaHHA pH HapyuleHHH CBA3H 3BeHbeB MexaHH3Ma. MuHoraza Aa sTOrO 
NIpHXORHTCA IIPHMeCHATh KPHBOJIMHeEHHbIe pbluarH. 

Jia WpesOTBpalleHHA GOMbUINX KOMeOaTEIbHbIX HIM BpallaTebHbIX JBU- 
*KCHHH JONaATOK Moce OOpbiBa JOMKOrO COeyHHeEHHA (pH OOTeKaHHH ee NO- 
TOKOM) HeEOOXOZMMO CTABHTb YHOPH (cM. puc. ].20) HHxKHErO KOJIbIla HalpaB- 
JAIOWLeTO allMapatTa WAM cTaTOpa TYPOHHHI AJId OTpaHHueHuaA MepemelleHHA 
JIOMaTOK BOKpyr CBOeH OCH. | 

[IlpH cxemax NpuHBoda, yKa3aHHblx Ha puc. V.22, Ha cepbrax HallpaBJAto- 
wero allmapatTa yCTaHaBJHBaloT CilellHasbHble AMOPTH3aTOpbI — rHOKHe YHOpbI 
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(cm. pac. V.11, 6). Onn orpaHHunBalwT XOX KaMHA B Cepbre pH OOppise pa3- 
PbIBHOrTO OOITa, OrPaHH4HBaA TeM CaMbIM ee HaKJIOH. ITO MO3BOAeT H36e- 
KaTb 3afeBaHHve cepbru O coceHIOW ceppry. Kpome Toro, ABHKeHHe JONAaTKH 
C pbluaroOM H MOJ3YHOM Tocsie OOphiBa O6O1Ta MpoucxogAUT Ooee M1aBHO. 

IIpH nocTpoeHHH HanpaBaAiollero ammapaTa CTpOHTCA Take KpuBan 
34BHCHMOCTH OTKPbITHA HallpaBJIAlollero allapaTa Q_) OT XOa CepBOMOTOPa S. 
Heo6xouMmo, 4TOOLI pH 3aKPHITHH HallpaBAAIoWlero alllapaTa OObWIMH xo 
Ce€pBOMOTOPa COOTBETCTBOBAJI MCHbINIHM MePeMeLIeCHHAM Qy, T. @., UTOOKI KPH- 
Bad ACHMMTOTHYeECKH NpHOMMKaNlach K OPAHHATE S, YTO OOecNeunBaeT AYUWIHH 
—mpomecc peryJHpoBaHHaA. 

Ha puce. V.23 noka3aHo nocTpoeHHe HanpaBJAloulero annapata, HMerollero 
MIpHBOA CO Cpe3HbIM MaJIbIkeM Ha pbiuare. B NocjeqHHX OTeCYeCTBEHHBIX TYPOH- 
HaX IIPHMe€HAeTCA HMeHHO Takaa KOHCcTpykuuA. Tloctpoenve mpon3sBoxHTcA 
aHaJIOrHYHO NpebIAyilemy. 


5. HATPY3KH B HAHPABJISIOWEM ANTAPATE 


Ha flonaTKH HalpaBJatollero alllapaTa MeHcCTByIOT aBJeHHe BOI Pp, 
ycHJIHe CO CTOPOHbI cepbru P, a TaKKe peaKUHH WH MOMEHTHI TPeHHA B NOAWHI- 
HHKaXx. JlaBneHHe p co3aeT rH paBlHyecKkoe NonepeuHoe ycuHe P,, rupjpasB- 
JMuecKoe OceBoe ycHHe N uv ruaApaBsIHYeCKHH MOMeHT OTHOCHTEJIbBHO OCH JI0- 
naTkH M,. | 

[uapapauueckoe ycuue N, HallpaBsleHHoe BAOJIb OCH JIOMNaTKH, Np Ma- 

JbIX H CpeAHHX Halopax MaJiO BJIMAeT Ha pe3yJIbTaTbI pacueTa HallpaBJIA10- 
UMX almmapaToB, OMHAKO IIpH BHICOKHX Hanopax, IpeBbiuiawouux H = 100 om, 
BAHAHHe N cTaHOBHTCA CyLeCcTBeHHbIM. [losTOMy B HaCTOALLeM H3aHHH KHHTH 
MIpHBOAHTCA pacueT HanpaBssrolilero almapata c y4ueTom cub NV. 
_ Ycunue Pz’ 4 Moment .M, Ha3blBaloT CHJOBbIMH XapaKTepHCTHKaMH Ha- 
NpaBAIOWNHX JonaTOK. Bewtwunna WX -3aBHCHT OT KOHCTPYKIUMH CiHpaJibHOH 
KaMepbI, OT (OPMbI NpOwAA NONaTKH, MOMOKeHHA OCH NOBOPOTa MOMATKH 
H OT OTKPbITHA HalpaBsAAollero annapata ay. IIpH 3aKpbITOM HallpaBJAIOWeM 
allmapate CHJIOBbIe XAPAKTEPHCTHKH JeErKO OMpPeMeMAIOTCH. C MOMOLLbIO IIpOCcTbIXx 
pacuetoB. IIpu OTKPbITOM HalpaBJIAIOleM allnapate JIA OMpeweseHHA CHVIO- 
BbIX XAPAKTePHCTHK MOMb3YIOTCA MAHHbIMH 3JKCIECPHMeHTAaJIbHbIX HCCeOBa- 
HUH. | 

[Ipu o6TeKaHHH HalpaBJAolleH JOMaTKH BeEAH4HHAa THApaBsAMYeCKOFO yCH- 
Aun P, W MOMeHT M, OT STOTO yCHAHA OYAYT PpaBHBT: 


bo 


2 
P.=y{ | oq dz ds ; (V.6) 
OL 
bo 
Me = ¥ | | ay rdeds, (V.7) 
0 L 
rye LE — WJvHa KOHTypa Npoduia HanpaBsAIOWleH AOMATKH; 


dz, ds — 39@MeCHTbI BBICOTh! MOMaTKH HU JMHHbI MpOPnHAA AoOMaTKH 
HalpaBJalolwlero annmapata 
yr — weuO BICMCHTAPHOH CHVIbI, JeHCTBYIOWIeEH Ha 3JICMeCHT TJIO- 
IlaiKH MpopusA, OTHOCHTebHO OCH NOBOpOTA; 
v — CKOPOCTb MOTOKAa, OOTeKarollero JIOMAaTKy. 
3a NOJOKUTeCISHLIN THApaBsWHyecKHH MOMeHT M, MIpHHMMaeTCA MOMEHT, 
ACHCTBYIOWHH Ha «3aKPbITHe» HalpaBAloulero alnmapatTa, 3a OTPHUWaTeJb- 
HbIM — Ha «“OTKPbITHe». 
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M3 dopmy.ibt (V.6) cezyeT, YTO MPH OTKPBITOM HalipaBJIAIOUeM annapate, 
o6TeKaeMOM MOTOKOM, CHJbl, MeHcTByItHe Ha AONATKY, MpONopwHOHaJIbHbI 
KBapaTy CKOpOCTH U H KBafpaTy JIHHeHHbIX Pa3MepOB. SaMeHHB CKOPOCTb 
NPONOPIHOHAIbHOH eH BeIHYHHOH pacxoza Q HM BBeAA KOSPHUHEHT Mponop- 
WHOHAIbHOCTH Cp 9, 3aliHilieM 


Pp V Q? C . (V.8 
° & D? po ) 
limes B BHAY, 4UTO 


M.= Pro = Pk’ D, = - ° Qs Cy ok’ Dy, 


2 
Dy 








re ro = k’D,— mievo chant Pz, 4 0603HadHB 








Cook’ = Cnmos 
NoyuHM 
M.=~.2¢ (V.9) 
eg Dymo : 


Be3pa3mepuHble KoasppulHenthl Cp H Cy, 9 3ABHCAT OT OPMBI HanpaBwsAto- 
ero anMapata, CNupasH WU OTKPHITHA ay. H3 hopmya (V.8) u (V.9) MomxHO 
HamucatTb: 











g PD} 
po ° 2 » 
Y Q | 
C g M-D, (V.10) 
m0 > 2° 
Y Q 


Ecu Tenepb 3Ha¥eHHA Q, P, u Mz BbIpasuM Yepe3s NPHBeeHHble Be/H- 
UHHBI: 


Q=DiV HQ;; 
P= DiHP;; 
M. = D?HM;, 


TO NOAYYHM 3Ha4eHHA AIA Cog H Cmo: 


po 0Q,*’ | V 
) (V.11) 
M 
PQ, 


7 
rie p = v7 —— IIJIOTHOCTb BOJHI. 
CreqopaTenbHo, Cp H Cmo MpeAcTaBlntoT Cco6oH COOTBeTCTBeHHO CHJy 
Hi MOM@HT, OTHECeHHbI€ K NPHBeAeCHHOMY pacxOMy HM MWIOTHOCTH H JeHCTBYyI- 
UlHe Ha HallpaBJIAIOWLyIO AONATKyY reoMeTPpH4eCKH NOMOGHOH TypOHHbI C WHa- 
MeFpOoM Kouieca D, = | m, paOoratoulel npH Hanope H = | om. 
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B 3aKpbITOM NOJO%KeHHH Ha NONATKY HalpaBJaioujero anmapatTa ei- 
cTByeT JaBleHne p = YH, WpusowKeHHOe CO CTOPOHbI CNHpasbHOH KaMepbi 
(puc. V.24). [Ip stom cCHOBbIe. XAPAKTeEPHCTHKH BHIYHCAIOTCA 10 POPMy aM: 


P2 = YH Lobo; 
M —=—— oP 2, 


roe H —cpeaqHHn Hanop, JeHCTBYIOWMHH Ha OMAaTKy; 


Lo — paCCTOHHHe MexK]T YY TOUKAMH COMP BROCHOBCH MA ABYX CMeC*KHbIX 
JIOMAaATOK, 


Ey —— AOCOAIOTHMDIN SKCIICHTPHCHTeET 3aKPbITHA HaNpaBsAloulen aonaTkKH 
(neyo cub P,). 


P=¥H 


(V.12) 





3 Y 
RAAB 


Puc. V.24. Harpy3kH, JelicrByloulHe Ha JONaTKy HaNpaBAsioulero alinapata B 3aKPBITOM 
HOAOKCHHH 


Vs puc. V.24 BHAHO, 4TO 
Loi — Loe 


i 

re Lo, Log — paccTOAHHe OF OCH NOBOpOTa JOMATKH WO TOUeK CONPHKOCHO- 
BeHHA CO CM@2KHbIMH JIONATKAMH, PaCNONOMKeHHbIMH COOT- 
BETCTBCHHO HHKe H BpIIe NO NOTOKy. 

BennunHa 


| Lox — Loe | 
== "7" (V.13) 


Ha3bIBaeTCA OTHOCHTEJIbHbIM- 9KeIeHTPHCHTETOM jlomarKy, OOBIHHO : NI pHHU- 
MaIOoT fy = 0,05. | 


Yuntsipad, TO Ly = 


Flo 


De ' popMys1aM (Vv. 12) MO2KHO np¥qaTb 6owee yo6- 


HbIH BHI: | | 
22 


— _— 
Me = — = = ~ bony. 
| aoe” 





Bpipasum P, uw Mz 4depe3 OTHOCHTeJIbHbIe BeJIM4HHEI: 


Pe =~ = “0 .. 2° HDi; 





14 
1 
O603Ha4HB 
L b L 
3,= > Dp, = pas HJIH ks = No DB? 
MOJIYUHM: 
P® — ApyH D’: 
2= OY (V.15) 


Mz = — BoyHDi, 
rye A, —= RR; B, — RL RoRs. 
Kosdpunventel A, 4 By 3ABHCAT TOMbBKO OT pa3zMepoB Ly, by, D, UOT 9KC- 
ITCHTPHCHTeTA &y H HE 34BHCAT OT C(OPMbI NpOHIA MOMNATKH. 
CreqoBaTeIbHO, Jit NOJOOHbIX HalpaBJAIOWHX. alimapaToOB pH MOJIHOM 
3aKPbITHH CHJIbI NPONOPWHOHAabHbI Hanopy H u kBaapaTy Avametpa Koseca D,, 
a MOMEHTHI IIpOnOpwHOHna bub! Hanopy Hu kyOy AHamerpa pa6ouero Koveca D,. 
M3 dopmya (V.14) u (V.15) cnenyer, 4To: 


0 0 
Po M, 





HO 
p® , Me , 
—— 5 Py; - M;, 
HD? HD? 
CJACTOBATCJIbHO, 
Py My 


T. e. Koadpulvents: A, u By upeacTaBAsaloT COOOM COOTBeTCTBeHHO CHJIY H 
MOMeHT, JeHCTByloujve Ha JIOMaTKy HallpaBsatoulero anmapata (pu ero 
I1IOJIHOM 3aKPbITHH) nogxo6uou Typ6unHp c (D, = | au H = 1 m), AenenupIe Ha 
YACIbHbIH BeC BOJbI. | 

Bespa3mepuble Koxppunnentet Ay, By H Coo, Cmo YAOOHLI AA UCCHEeJO- 
BaHHA H aHaJH3a CHJIOBbIX XapaKTepHCTHK HaNpaBjAloulero ammapara. 
B npaxtuxke JIM3 wa 3THX WeneH NPHMCHAJHCb aHaJIOrM4Hble, HO pa3Mep- 
Hble KOSPDPHUHEHTbI, KOTOpbie PaBHbI: 

A = Apoy; B= Boy: C, = = Uno a3 Cn =Cne 2 

B 9TOM caAy4ae (OPMYJIbI AVIA ONpeeeHHA CHI H MOMeHTOB NpHooperalwrT 
BH: | 

WIA 3AKPbITOTO HanpaBJAloulero amnapata: 


P? — AHDi; 
; ” (V.17) 
M2 = —BHD;; 
WIA OTKPbITOTO HallpaBAalomlero almapata: 
2 ! 
P,= Ora -- C,D? (Qi) H 
(V.18) 


Me= CmS = CmDi (Qi) H 
i 
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UcnbitaHuaA fOnaTOK C UebIO ONPeeNeHHA CHJIOBLIX XapaKTepHCTHK 
HalpaBJAlOulero allflapaTa CBOAATCA K 3aMepy AaBIeCHHH Ha NOBEPXHOCTH ' 
HallpaBJAlolleH JIOMaTKH IIpH MOMOMLH MbesomMeTpoB. SatTemM llyTeM HHTerpH- 
POBaHHA AaBeHHH NO NOBEPXHOCTH JONATKH OMpeeMAIOTCA CHJIbI H MOMCHTHI. 
Jia W3MepeHuaA aBleHuH Ha NMOBePXHOCTH JIOMNATKH BAOb TO MpoduHio 
H M10 BLICOTe Ipope3aloT KaHaBKH, B KOTOPble BMaHBaloT TOHKHe MeHbIe TPyOKH, 
COe€HHEHHbIe C Ibe30Me€TPOM (1penupopanue). 

O6ObI4HO OJHOBPeMeCHHO C 3aMepaMH WaBJIeHHH Ha noBepXHOCTH AONAaTKH 
H3MePpAIOT HeMOcpeACTBeEHHO FHApaBsIHYeCKHH MOMEHT, JeCHCTBYIOWMH Ha Hee. 
‘i3smMepeHHe MOMeHTa OTHOCHTeIbHO OCH MPOH3BOXZHTCA HOO C MOMOLLbIO— 
JAMHAMOMeTpa, JIH6O C TIOMOLLbIO TEHSOMETPH4eCKHX aTUHKOB. Bnepspie uc- 
C€QOBaHHA CHJIOBbIX XApaKTepHCTHK HallpaBJAloulero alnapata OWN NpoHK3- 
Bejzenbr B 1940 r. Ha JIM3 TI. H. Huxonpckum [66]. Stumu uccnenqoBaHHAMH 
ObIIO yCTaHOBJeHO, uTO cbopMa HloTOKa B HalipaBJIAIOWeM allllapaTe MexLy 


AOMAaTKaMH He 3aBHCHT OT pexkuMa pa6oTb TyPOHHbI (Q, u ny), T. e. HanmpaB- 
jleHHe CKOpOcTeH MOTOKa B HalpaBJAIOUleM annapaTe MpH NOCTOAHHOM OTKDBI- 
THH He H3MeCHAeTCA MPH H3MeCHeCHHH OOOPOTOB H pacxoya BOAbI Yepes padoyee 
Koeco. [losTOMy MOXKHO NPOBOAHTb HCCeAOBaHHA NO paciipesesenuio JaBJe- 
HHH Ha JOMATKH HallpaBJAloWero annmapata Ip OJHOM KaKOM-TO pedKume HU 
NOJIb3OBaTbCA pe3yJIbTaTAaMH UCCEMOBaHHA AIA sOObIX PexXHMOB paoorTHt. 

IIpH noBopote HallpaBJIAIONNHX JIOMaTOK H OOTeKaHHH HX NOTOKOM BOJBI 
rHaipaBsMueckvHe yCHJIMA H MOMCHTbI H3MeHAIOTCA NO BeJIHYHHeE H HallpaBuie- 
HHO. Ha puc. V.25 noka3aHo H3MeHeHve NOJOKeHHA TOUKH NpHJIOKeHHA H 
HanpaBeHHA THApaBMYeCKOrO YCHAHA, NeHcTByloWulero Ha AONATKy HalpaB- 
JAIOUleTO allilapaTa MIpH Pa3HbIX OTKPHITHAX Ay. DTH DaHHbie ObWIN NOJyUeHbI 
ONbITHBIM ITyTeM B Ja6opaTOpHH Np onpeweNeHHH paciipeqeieHvA WaBJIeHHA © 
no JONaTKe HalpaBJAlowmero annapata. M3 pucyHka BHAHO, 4TO Np pa3sHbix 
OTKPbITHAX HallpaBAAIOUlero alnapata TOUKA NpHAOMKeHHA THApPaBsIMYeCKOrO 
YCHIHA HW HallpaBleHHe JeHCTBHA CHJIbI H3MECHAIOTCA. 

Ha puc. V.26 noKa3aHbl KpHBble H3MCHEHHA KOS*PDPUUMEHTOB rHApaBJn- 
4ueCKHX MOMEHTOB C,, B 3€BHCHMOCTH OT OTKPBITHA Qo JIA CHMMeTPHUHOTO U 
aCHMMeTPH4HOTG WpouseH MoMaTOK HalpaBJiAlowlero annapata. V3 pu- 
‘CyHKa BHAHO, 4TO 3HaveHHe C,, pH cpewqHUX OTKPbITHAX ONH3KO K HyJIi0. 
Han6o1bpumit KosdppulHent C,, HMeeT aCHMMETPpHUHbIh MpOMWb NOJIOKUTEIb- 
HOH KDPHBH3HbI, HaMMeHbIIHH — AaCCHMMETPHYHbIA NpoOdwb OTPHWaTeJIbHOH 
KPHBH3HbI. CHMMeTPHUHbIH TWpodusb NpH MaJIbIX OTKPbITHAX HMeeT NpOMe- 
*KYTOUHIe 3HaueHHA C,,. IIpuH 6ombuIHxX OTKPLITHAX 3HadeHHA C,, WA CHMMe- 
TPHUHOTO popula TaKHe Ke, Kak HW WA UPOPHJIA NONMOMKUTEABHOH KPHBH3HBI. 

XapaktTep 3aBHCHMOCTH Koxppunnenta C,, OT POpMbI npodusa oco6eHHO 
Mp MaJbIx OTKPbITHAX oObACHAeTCA CAeLYIOULMMH MIpHuvHaMH. IIpodusap 
OTPpHUaTeIbHOK KPHBHSHBI OarofapA M30rHyTOM opMe co3sqaeT MOBOPOT 
nmoTOKa OT paOouero Komneca. IlostomMy peakKUHA NOTOKa Ha BbIXOQHOH KOHEL 
NpopuJin HalpaBsena K paOouemy Kovlecy, OHa TeM Combe, yem Ooubue KpH- 
BH3Ha Npomuasa. 

Ii[pu npopuse nowoxKutTesAbHOH KPHBH3HbI AOMaTKa co3aer MOBOPOT f0- 
TOKa K paOouemy KONIeCy HM, CJI€QOBaTeIbHO, peaKUHA NOTOKa Ha BbIXOHOH 
KOHeIL JOMAaTKH OyjeT HanpaBsena OT paOouero Kovieca. 

Ha 3TOM Xe rpaduke NpHBesena KPHBad H3MeHeHHA KOSPDHLLMeNTA FHApaB- 
avueckoro ycuiua C,, HeHcTBy1oulero Ha JOMaTKy CHMMeTPH4HOTO NpopHssa 
IIpH pa3HbIX OTKPbITHAX HaNpaBJIAIOWMerO annapata. QTOT KOSPDPHILHEHT C yBe- 
AM4eHHeEM OTKPbITHA YyMeHbIlWaeTca. 

Tipu noacuete rHApaBsHyecKOrO YCHJIMA H MOMeHTAa HaTypHOH TypOHHbI 
pH pa3HbIX OTKPBITHAX HallpaBJAIOWero allMapaTa A» YROOHO MOMb3OBaTbCA 
jopmMyaamu (V.18). S3HaueHua KosddyuunentoB C, H Cy, MOXKHO NOYIHTb 
Ha COOTBeETCTBYIOWNHX rpapuKax, NOJyYeHHbIX NpH HCHBITaHHY B Ma6opaTopHa. | 
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Ha puc. V.27 noka3aHa KpHBas H3MeHEHHA THApaBsIMYeCKOTO MOMeHTA, 
RelicTByloulero Ha JONAaTKY HalpaBJialomlero annapata. Ilpu 3aKpbiTom nouo- 
X%KeEHHH HallpaBJAlOUlero aliapatTa, KOra Ay = O, BEAHYHHA THAPABAUYeCKOLO © 
MOMeHTa HMeeT MaKCHMaJibHOe 3HaueHHe. Tlocne oTKpbITHA HalpaBAtoMlero | 
alllapata H Hauvasa OOTeKaHHA JOMaTKH NOTOKOM FHApaBsANyeCKHH MOMeHT 





Puce. V.25. H3menenve Non0KeHHA TOUKH NPHAOKeHHA HM HanpaBseHHA 
rHApaBsHyecKkoro yYCHAHA, JelcTByloulerO Ha HaNpaBAAWULyIO AOMaTKy, 
B 3aBHCHMOCTH OT OTKPHITHA (PasMePbl AaHbI WIA Mogenu d= 460 mm) 


\ 


YMeHbIUaeTCH JO HYyJIA, 3aTeEM OH MeHAeT CBOH 3HaK, AeCHCTBYeT B Apyryto 
CTOPOHY, BHadvale BO3pacTan, NOCe TOTO C YBeEJIHYEHHEM OTKPbITHA OH CHOBA 
mpH6iuKaeTcH K HyMeBOMY 3HaYeHHIO. XapakTep KpHBOW THApaBsNyeckoro 
MOMeHTa O2HHAKOB JIA pa3JIHUHbIX NpopuneH HalpaBJAIOMLHX MONATOK, 
MeCHALIOTCA TOJIbKO BeJIMUHHbI CAMOTO MOMEHTA. | 

Ha aonatTky eHcTByeT MOMEHT TPeHHA B ONOpax, KOTOPbIH BCerga HanpaB- 
Jl@H B CTOPOHY, IPOTHBONOJIOKHY!IO HallpaBJIGHHiO BpalleHHA JIOMaTKH, H 
onpeyenaetca mo dopmyure | | 


Mmnp = 5 (HalaRa + odoRe + HeleRo) +My, (V.19) 


ee | 


rye d,, d,, d, — WWvaMeTpbI Wand JomaTKH B NOAWIMNHHKaX a, 0 HC; 
, R,, R, — peaKilHW. ONOp B COOTBETCTBYIOWHX MNOAMWHMHHKAX; 
Ua, Uo, We — MPHBeAeCHHbIe KOMPDHIUHEHTLI TPeHHA B COOTBETCTBYIONLHX 
: NOMUHNHHKAaX, 3aBHCAMHe OT MaTepHaJIOB TpylHxca Nap 
HW OT YCHOBHH KOHTAKTa Ha On0pax (OT OTHOCHTCJIbHbIX 3430- 
pOB H OT KOHTAKTHbIX JaBJIeEHHH), a TaKXKe OT BUNA CMA3KH; 
M, — MOMeHT TpeHHA B YNOPHOM NOAUIMNHHKe JONaTKH, BOCIIpH- 


-HHMArOlINeM MpOAOMbHy!O THApaBsnyeckyro chy N, 
M,= 5 FAN, (V.20) 


3jlecb f — KosdpHUHeHT TpeHHA B YNOPHOM MO sWHNNHHKe; 
d — cpeqHui quaMetp ynopHoro No_xMMNHHKa. 
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Puc. V.26. Kpuppie usmeHeHua Kooddpunuen- 

TOB Cp H Cy, FHAPABAHYeECKHX VCH WH MOMeH- 

TOB, JeMCTBYIOUHX Ha HalipaBsialoumve TONaTKH 

Pa3HbIX MpopuneH NP PasHbIX OTKPbITHAX Ha- 
Np aBisiomero annapata 





—M 


Puc. V.27. Kpupbie H3MeHeHHA ycHaHH 

MOMEHTOB, JCHCTBYIOULHX Ha JIOMaTKy Hallpa- 

BJAlouleroO alinapaTa Np pa3sHbIX OTKPHI- 
THAX 


npu 3akpoimuu 


Harpy3ka P, peficrByroulaa Ha JoMaTKy CO CTOpOHEI Cepbru, NpH pabounx 
Harpy3kax 3aBHCHT OT OTKPbITHA HalpaBJAloWlero anMapata H ONpesemnerca 
pW pacueTre HeoOxoxHMOroO ycHJINA cepBomMoTopa (cM. HHx«Ke). IIpH 3ak1HHH- 
BaHHH HalipaBJAloulero anmapata cua P 3HawHTeIbHO BO3paCcTaeT; IPH STOM 
C I[@JIbIO 3alHTLI JIONaTOK H JeTasen MeXaHH3mMa IKOBOPOTA OT NOJIOMOK B CoelH- 
HeHHH HakJlIaqKH C pbI4aroM IIPHMeHAIOT Cpe3sHOH Mawel, Cpes3aHve KOTOpOrO 
IPpOHCXOANT Np 3HaveHMN CHJIbI P, B HECKOAbKO pa3 MpeBbILalolwleM MaKCH- 
MajIbHoe ychaHe mpu pa6bouux Harpy3Kax P,,ax; 


P= BP max» 


(V.21) 


Kospounnent B Ha JIMS Ha3Hauaetca B Mpenenax 2,5—3,2. Kpome nepe- 
YHCJICHHBIX BbIHIe HAarpy30K, KOTOPbIe JeHCTBYIOT Ha nonaTKy Mpl Bcex pe- 
KMMAaX paOoTb TYPOMNbI, HMeIOTCA Take Harpy3KH, JeHCTByIOMULHe TOJIbKO 
ipu HEKOTOPEIX pexumax. K ux 4ucay oTHocaTca M,,, H Ps. 


16* 
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IIpH 3aKpBITOM TOJOKeHHH HaNpaBsAlolwero alnmapata (NpH a, = 0) 
WIA MpeOTBpPalleHHA MpoTeseK BOJbI CePBOMOTOPhI OJKHEI OOeCIMe4UHTh 
NIOTHOE COMPHKOCHOBeHHe JOMaTOK pyr C ApyroM, Ip 9TOM BO3HUKaeT 
NONOAHHTCIbHBIH MOMCHT yIOTHEHHA Mynx KOTOPbIM MOXKHO ONpeesuTb 
no dopmy.vie 


| Myna = Pinslo rye Pana — qybot, . (V.22) 
rye t — IWHPHHa NJIOWMAIKH KOHTAKTa Mea yY JIOMATKAMH, 
Vy —— YACJIbHOC JaBJICHHe MCKAY JONATKAMH, KOTOpOe He MeHee eM 


Ha 20% OJOKHO TIPeBbILaTb BeEJIHYHHY WaBeHHA Mepel Hanpas- 
JIAIOULMM allilapatom, 


p | 
wale. zoe B aBapHiublx cJlysdaax pu nonaga- 


HHH B HallpaBJAIOWHA annapaT HHOpoL- 
HbIX Tel (KaMHH, OpeBHa HT. n1.), HHOrZa 
Pop. , —_ cOsepKalHXCA B BOME, MPOHCXOAUT 3a- 
a pi KIHHHBaHHe JOMaTOK HalipaBJArollero 
— allapata; Mp 3TOM Ha OMmaTKH CO CTO- 
POHbI HHOPOAHOrO Teja AeHcTByeT 06a- 
BouHad CHa P, 4 WOOaABOUHIL MOMeHT M,,, 
KOTOPbl€ MOTYT BbI3BaTb NOJIOMKY AONaTKH 
HH JeTaseH Me€XaHH3Ma MOBOpoOTa. 

Ecaw Mexk,Yy ABYMA JOMaTKaMH 3acTpe- 
BaeT HHOPOHOe TeIO, TO Ha OAHY U3 JIO- 
nmaToK jencrByeT moment M, = Ploy, 
a Ha Apyryio Ms=PzLo2. Hp Loy >Los 
MOMeHT M, > M;, HM Nepspan JonatTKa 
OKaxkeTcA B 607lee TAXKEIbIX YCJIOBHAX 
| - HarpyxXeHHwH, 4eM BTOpaH, MNOSTOMY 

Puc. V.28. Cxems ceppomoropon MMeHHO ee cCyleflyeT pacCuHTbIBaTb Ha 

. IIPOUHOCTD. 

BBuaAy TOrO, YTO HHOPOAHOe Te/IO MOKeT 3aKJIHHHTbCA B J1OOOM MeCTe 
MNO BbICOTe JOMAaATKH, WIA pacueTa IpHHHMaeTCA HaHOoslee HeBbITOAHbIN CALy- 
ua — 3aKJIMHHBaHHe TMOcepeqHHe BBICOTbI HalipaBJIAlOlkero alinapata. 

Tak Kak dopMa HHOpOAHOTO Tela 3apaHee HEHSBeECTHA AIA ONnpeeeHHA 
OTKPbITHA HalipaBJAloWlero almapatTa, MpH KOTOPOM MO2KeT MPOH3OHTH 3a- 
KJIMHHBaHHe, NpHHHMaeTCAH CaMbId HeBbITOAHbIM BapHaHT, a HMeCHHO Takoe 
OTKPbITHe, pH KOTOPOM rulpaBMuecKHH MOMeHT HMeeT MaKCHMAaJIbHOe MOJIO- 
KUT bHOe 3HAUeHHE (T.e. HallpaBseH Ha 3aKpbITHe HalpaB/AlOMero aniapata). 

PaccMOTpHM Harpy3KH, KOTOpble JeHCTBYIOT Ha perysHpytolllee KOVJIbILO 
CO CTOpOHbI cepBomoTOpoB. EcauH uMeeTca 2Ba CepBoMoTOpa, He CHaOKeHHbIX 
KOHTPlTOKaMH (puc. V.28, a), TO Ha peryHpyrollee KOJbILO AeHCTBYIOT [Be 
HepaBHble CHIBI: | 


a) 











, nd? | V 
Pop = —7 (ps — 5po); 
Prep — rl (Sp; — Do); _} | (V .23) 


din \? 
5=1—(4t) 
. J 
rae Po HM ps — AaBMeHHe MaCJia B NOJOCTAX OTKPBITHA H SaKPbITHH WHJIHH- 


JIPOB Ce€PBOMOTOPOB; 
d, u d,, — AWaMeTpbil IHIHHIpa H WTOKa CepBomMOTOpa. 
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IIpH HCnO1b30BaHHH Ce€PBOMOTOPOB, OHH H3 KOTOPbIX CHaO2xKeH KOHTD- 
IITOKOM, CHJIbi Prop H Pop OYAYT Qe (puc. V.28, 6): 


— 6po); 


nd, 
Pcp = —7 9 (Ps — Pr). 


~B calydae NPHMeHeHHA CABOCHHDIX CEPBOMOTOPOB Ha peryIMpyloulee KOAbILO 
HeHCTBYIOT Be paBHble cHvIbl (puc. V. 28, 6): 


P, 





(V.24) 


nd? 
Pop = Pop =] 





Po)- (V.25) 


MoryT 6bITb WH Jpyrve BapHaHTHl cepBoMoTopoB — TOPOBbI€e, C JBYMA 
KOHTpWTOKaMH H T. 0. SHaYeHHA CH WIA HHX JOMKHDbI ONpeMeAATLCA C y4e- 
TOM KOHCTpykTHBHOM cxeMbI. B o6ujem Bue MOAKHO HanHcaTb 


Pop = mP op, | (V.26) 


rye. m — MMeeT 3HaYueHHe, COOTBETCTBylOMlee POpMy.iaM (V.23), (V.24), (V.25); 
(  5Ps— Po — CEPBOMOTOPEI 6e3 KOHTPLITOKOB; 
Ps — 8Po | 
a= ° Pe — Pe). ceppomoropis C KOHTDPIITOKOM; (V.27) 
a 0 


1 — CABOeCHHbI€ CEPBOMOTOPHI. 


KosiPuUHeHT 1 He3HAUHTeIbHO OTJH4AaeTCH OT CXHHHIIbI, NOSTOMY MIA 
NpelBapHTebHbIX NOACYETOB MOXKHO NOMaraTb m = 1, a yTOUHeHHbIe pacuerThl 
NPOHSBOAMTS AA OKOHUAaTEJIbHO BbIOpaHHblx MapaMeTPOB CHCTeMbI peryAHpo- 
BaHHA. 

B 3aBHCHMOCTH OT pexKHMOB pa6orni ruapoarperata Harpy3KH Ha Hanpas- 
JIAIOIMe JIOMATKH CYUIECTBeEHHO H3MeHAIOTCA. B HactTonee BpeMaA. pacueTbi 
HalpaBJAIOWHX allmapaTOB MpOH3BOAAT B CwIeAyIoWleM lopayKe: ~ 

1. OnpenxeneHue noTpe6xHoro ycuaHA. Pacuerbl NpOusBOZAT pH pa3HbIx 
Hanopax H u pH pa3HbIX OTKPbITHAX HalpaBMAlowero annapata ao; 

2. OnpefeneHve ONTHMAIbHOTO 3a30pa Ha BepxXHeH ONOpe HanpaBsJAloMleH 
JonaTKH. PacueT NpOH3BOAAT NpH 3aKPbITOM NOMOKCHHH HalipaBJAloulero 
alllapata Cc yYeTOM NOBbIMIeHHA JaBIeHHA Nepe HalpaB/IAIOUIHM allnapaToM 
BCJI€ACTBHe FHApaBsMYecKoroO yAapa. YcusMe Ha NONATKY CO CTOPOHBI cepbru P 
COOTBETCTBY€T MAKCHMAJIbHOMY Nepenay WaBJeHHA MaCJia B WHHHApax cepBo- 
MOTOPa Pmax; 

3. Pacuer 10maTKH Ha NpO4HOCTh NMpOv3SBOAAT NpH IBY pexkumax: 

a) Ip pa6ounx Harpy3Kax B 3aKPbITOM NMOJIOMKeEHHH HallpaBJIAloOWlero ar- 
NapaTa; YUHTHIBaeTCA NOBBINeHHe AaBJIeHHA Nepel HanpaBJIAIOWMM alimapa- 
TOM H3-3a THApaBsMyecKoro yapa; 

6) Mp Harpy3Kax, COOTBeTCTBYIOUIMX 3aKJIMHHBaHHIO JIOMaTOK H cpesy 
Naibla B COC¢AHHeEHHH HakJlalKW C, pbluarom. 

iid TIPHMeHeHHA HalipaBsAiomlero anmnapata B KauecTBe MpOTHBOpas- 
ronHoro ycTpolctsa Ha JIM3 mpoBoyqvwaocb HcCJIeqOBaHHe CHJIOBBIX XapaK- 
TEPHCTHK Pa3HOOOpa3sHbIX HalpaBJAIOWAX allMapaToB, C pasJIM4HbIMH Tpodu- 
JAMH WH JKCICHTPHCHTeETOM JIOMATOK WIA CO3MaHHA CAMO3aKPbIBalolleroca Ha- 
MpaBAlolero anlapata, KOTOPbIM NOW AeHcTBHeM THApPaBJHYeCKOTO MOMECHTAa 
3AKPbIBaJICA ObE IPH JOOOM HauaJIbHOM NOJIOKeCHHH HalpaBAAIOWHX AONMAa- 
TOK. OmHakO CYIIeECTBYIOMMe NPOHIH HalpaBsAIOUIMX WOMATOK, awe 
ONTHMAaJIbHbie SHEpreTHyeCKHe NOKAZsaTeJIH, HE AaJIH NOMOMKHTEIbHIX Pe3YJIb- 
TATOB. 
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6. ONPEAEJIEHHE HOTPEBHOTO YCHJIHA H MWAPAMETPOB CEPBOMOTOPA 


O6pr4HO MoTpe6HOe ycHIMe CepBOMOTOpa ONpeneAeTCA He3aBHCHMO OT 
pacuetTa JiomaTOK Ha mpouHoctb. B HacToAliee BPC€MA BbIACHEHO, YTO Tako 
pacueT ABJIAeTCA HETOUHBIM, TAK KaK BO3SHHKAaIOWLMH Ha ONOpax JIONaTKH MO- 
MeEHT TPCHHA 3aBHCHT OT YIIpPyrHx NepememleHHH sonaTKH. [lostomy npaBuJb- 
Hee IPOH3BOAHTb COBMECCTHBIN pacueT NOTpeOHOrO yCHIHA WH MONAaTOK Halpas- 
Jatouero annapata. B IKTH um. IloasyHosa pa3pa6oTana MeTogquKa CoB- 
MecTHOrO pacueTa MOTpeOHOTO yCHJIHA, JOMATOK H NOAMMMHAKOB Hampab- 
JSIOULUX JIoMaTOK. Huxe NpHBOAUTCA yKa3aHHbI pacuer. 

CxeMa MeXaHH3Ma NOBOPOTa AONATOK HalNpaBJIAloulero annapata c JBYMA 
CepBOMOTOpaMH NpeAcTaBleHa B BepxHeH wacTH pHc. V.29. Ha stow cxeme 
D, — AuvametTp pacnosloxeHHaA sonaToK; D, — AMaMeTp pacnowoxKeHHa yuleH 
peryiupyloulero Kouba; D, — WHamMeTp pacnowoxKeHuA WapHHpoB cepbru — 
peryupyromlee Kobu0O; /, — QinHa pbluara; /,— qaiHHa ceppru; a, B, yp — 
yIJIbl, XApaKTePH3YIOWlHe B3aHMHOe TMOJIO%KeHHE 3BCHbeEB MeXAHH3Ma IIOBO- 
poTta HampaBastoumero annapata; M,— rugpaBaMyuecKHH MOMeHT (NOJO«KH- 
T@JIbHbIH TIpH JeHCTBHH B CTOPOHY 3aKPbITHA HallpaBJIAloWlero alnapata); 


Pep H Pep — CHJbl CCPBOMOTOPA, NOMOKUTEIbHIC TAKKE IPH DeHCTBHH B CTO- 
POHY 3aKpbITHA HallpaBAloulero anmapata. BcemeycrBue pa3H4HA yKa3aH- 
HbIX CHJI MOMKET MPOHCXOAHTbh OMHOCTOPOHHee TpHxKaTHe- perysupyrolllero 
KObIla K erO onope H BO3HHKaTb peakuHA R, KOTOpaN co3qaeT WOGaBOUHYyIO 
CHJIyY TPeHHA Ha onope H IPMBOAT K yBeHYeHHIO NOTpe6GHOTO yYCHJIHA CepBo- 
MOTOpa. 

Cuuabl U MOMCHTbI TDeHHA BCeryza HanpaBseHEt B CTOPOHY, IPOTHBONOIOx*x- 
HylO .HalpaBjeHHio ABHKeHHA. TlosTOMy CJleLyeT OTJeIbHO pacCMaTPHBaTb 
JBuxKeHHe Ha 3akpbiTHe (puc. V.29, a) H Ha OTKpbiTHe (puc. V.29, 6) HanpaB- 
JIAOWEFO -alnapara. 

Ha pucyHke MexaHv3M MOBOpoTa pacuenen Ha Tp 3BeHa: 

/ —.jomaTKa H pbiuar; 
I] — ceppra; . 

IIT] — peryaupyrolee KOJIbIO. 

PaccMOTpHM YyCJIOBHA paBHOBeCHA KaxKJOTO H3 TpeX 3BEHbEB B OTJCJIb- 
HOCTH IIpH xoge Ha 3akpbiTHe (puc. 1.29, a). 

3BeHO JI. CocTaBumM ypabhenue MOMEHTOB OTHOCHTEJIBHO OCH Bpaltie- 
HHA MOMaTKH 


—M,+M n= Plysin(a—e) —M mp9 (V.28) 
re. M, — MOMEHT BHEeIUHHX CHI, HeHCTBYIOWIMX Ha Nepo AoMmaTKy; 


Ming — MOMeHT CHJI TpeHHA B NOAWIMMNHHKAaX JIOMAaTKH; 
Mmp — MOMEHT CHJI TPCHHA B WapHHpe pblMar—ceppra; 
P — cuula,. HeHCTBYIOWLaA Ha pbluar CO CTOPOHHI Cepbru. 
Moment M, pu pasHbix pexKHMax oOllpefemnercA MO0-pa3HOMy: 
( M,.—Trpn HOopMambHoHu pabote (a, > 0); 
| M, — M,n,,— pH NOAHOM 3aKDPbITHH HallpaBJalousero 
M,= | e YNA p | p p Ui | (V.29) 
amnapatTa (a) = 0); 


M.— P,lo1— MPH 3aKHHMBaHHH HalpaBAAtoulero allmapara, 


rie M,— ruspaBsuueckuH MOMeHT Ha JOMaTKe; 
Myna — MOMECHT YMJIOTHEHHA TPH TOJ1HOM 3aKPbITHH HanpaBiaoulero 
annapata; 


P, — CHa, AeHCTBYylOWad Ha Nepo MoNaTKH CO CTOPOHBI 3aKJIHHHBILe- 
roch B HallpaBJIAIOUeM almapaTe HHOpOAHOrO Teva. 
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a 
ve P. op 7 . P Cp 
Mp a tig 


Puc. V.29. Cxema MeXaH¥3Ma Hopopota OMaTKH HallpaBsialoulero 
alliapata | 
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Moment Tpenua M,,, onpefeisetca no mopmyuste *: 
7 | AP +BP,+CA+DP,;+ My, npu R,>0; (V.30) 
mp A,P + B,P.+D,P;+M, npw R,<0, © 
rye A — pacueTHbId 3a30p Ha BepxHeH ONope MOMAaTKH; 
R.— peakuHA ONaTKH Ha TOM #Ke onope; 
M, — MOMeHT TpeHHA B YNOPHOM NOAWHNHHKe AOMAaTKH, 3aBHCHALH 
OT OCeBOH THApaBNYeCKOH Harpy3KH N 4H onpeyxesAeMbIN TO Cop- 
myse (V.20). 
3HayeHHa Kosppunventos A, B, C, D, A,, B, u Dy, a Takxe peaxuun R, 
olpefeeHbl HHxKe B I. 7, MOCBAILEHHOM pacueTy HallpaBJIAIOWleH NOMAaTKH 
Ha MIpO4HOCTh. 
Moment Mn, onpeyesetca 10 cbopmyze 


og 
Mnp = > Py, (V.31) 
rie uw — MpHBeeHHbIN KOSPDPHUNEHT TPCHHA B pacCMaTPHBaeMOM LapHUpe 
pbhruara; 
d, — AuaMerP Naibila wapHupa. 
—d 
Yrol € = pera “oT, 1, Tue d, — HaMeTp MaJblla B WapHHpe cepbra—pery- 


JMpytoulee KOVIbILO. 
YuunTplBan, wTO € < 1, Noy4HM © 


sin (a — «) = sin a cose — cos asine = sina (1 — ectg a). 


Ypapuenue (V.28) mpumerT cneqyioulHi BHI: 
—M,+ Mny = Pl, sin a (1 — n4), (V.32) 


re n, — koxppbuuneHT moTepb Ha rpenue B WapHupax cepbrH, onpenesae- 
MBIH 110 cbopmyuie 


nm =p (25 Letga + 4. — ). (V.33) 


sim & 





B wacTHOM coyuae npH d, = d, HMeeM 
dy . i 
bor, 2lp sina” 





= (V.33a) 
TloncraBiaa B dopmyay (V.32) 3Hauenne M,,, (V.30), MOxHO pellaTb 
pasHble 3afauH. | 
IIpu onpegzeneHuv ONTHMabHOro 3a30pa A H pH pacuete JONaTKH Ha 
MIpOu“HOCTh pH paOounx Harpy3kax (cM. 1. 5), Korga cuula P ABJAeTCA BeJIH- 
UHHOH H3BeCTHOH, 43 opmMyvbl. (V.32) HaxoZHM: 


M =| [A —I, sina (1—n,)]} P+ BP,+CA+M, npu Rk, >); 


(V.34 
[A, —-l, sine (1—n)| P+ ByP, + My, mpu R, <0. 

IIpH pacuere womaTOK MpH 3aKJIMHHBaHHH HallpaBJAlowlero alinapata, 
Kora Harpy3Ka P TakxKe ABAAeCTCA H3BeCTHOH, 43 PopmysH (V.32) MO*KHO 
HaHTH culy P,, EHCTBYIOILY!IO Ha JOMAaTKY CO CTOPOHHI 3aKJIMHHBIUIeTOCA B Ha- 


Np aBJIAIOULeM aliiapate HHOPOAHOro Te@Jla, 
p,= £ [lp sin a (1 — fly) — A] + (Mz) max — BP» — CA — My (V.35) 
D+ Lo1 


1 B cyiecTByloijHx MeTOyax pacueTa, B TOM 4HCJe B NepBOM H34aHHH HacToseH KHHTH, 
YUMTHBaeTCA TONbKO 3aBHCHMOCTh Mp OT rHypaBAWUeCKOH CHIH Po. 
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Ipu onpeyqesieHHHu norpe6Horo yCHJIMA CepBomoTopa CHa P aBaaetca Hens- 
BecTHOH. Penman (V.32) oTHocuTeIbHO P, nomy4uM: 


— M,-+ BP, +CA+ My , 
| ly sin a(1—n) —A npH RK, > 0; 

p= (V.36) 
Mar Pet My pu R, <0. 


( lp sin a(l—a,)—A 


3Bpeuo II. BesenctBue tpenua B WapHupax cua P, AehcrByroulaa 
Ha cepbry CO CTOPOHbI pbluara M peryJHpylowero Kouba, He CoBMlalaeT 
NO HalipaBJIeHHIO C OCbIO CepbrH, a COCTaBJIHeT C HeH HEKOTOPHIH yrou é. 
M3 ypaBHeHHA MOMEHTOB JIA Cepbru nomwyyaeM 


d 
Rinple = — Mmnp — Minps | (V.37): 
rye Mmp — MOMeHT TpeHHA B WapHupe pEyar—cepbra, onpeeneHHbI BHILe; 


Minp — MOMe€HT TpeHHA B WapHupe cepbra—peryupyiomlee KOAbIO, 
_ KOTOpBIE olpesemaeTca m0 dopMyse 


amecb p, dy — IIpHBeeHHbIii KOSDuILHeHT TpeHHa H WaMeTp MaJlbila B Wap- 
HHpe cepbra—peryupyiomlee KOJIbIO. 
V3 ypaBHeHHa (V.37) HaxoqHM 


a —_ MM. 


Mmp mp d, —d, 
Rp = BP 
3Had Rip, ONPeAeNHM yron & = Rmp | 
— = Uh dy — dy . (V.39) 





2le 


3BeuHuo III. CocraBuM ypaBHeHHe MOMeHTOB OTHOCHTeJIbHO OCH BDpa- 
WCHHA peryJIHpyloulero KOIbIa 


(Pip + Pop) Gt —p 22 R — 29M inp — Minp — 2oP 4 cos 6—9)= =. (V.40) 


PeakilMa Ha onope kombua R c yyerom (V.26) onpenensaerca m0 mopmyuie 
R =| Pep — Pep| = Pep| (1 —m)|, (V.41) 


B cayuae HCNONb30BaHHA ONMHAKOBbIX CepBOMOTOpOB peakuHA R = OQ. 
MomeHT TpeHHA B WapHHpax Tara cepBoMoTOpa—pery.upylomee 


KObUO Mi», OMpexenetca no dopmyuie 


ri 


d3/ 5’ ” ds p’ 
M mp = B54 Pep + Pep) = Wy Pep (1 +m), (V.42) 
rye p, dg — nPEBEXeHHBIH KOsPPHUHeHT TpeHHA HW AHaMeTP Nadbila B Wap- 


HHp 
Hogcrapasaa WV. 38), (V.39), (V. 41) u (V.42) B (V.40), nocne HecmOKHEIX 
npeo6pa30BaHHH MOJyUHM: 


__ p 2ocosB De l-n 29 cos B De 
Pip = POS De tte p zac ar pel +m), (V.43) 
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r7ze 





_. (dg—d , d 1\., 
ny = (25S te B+ aag) 3 (V.44) 
_ De |1—m| ds . ~ 
ng =" (peo + a): (V.45) 
nh, = ny + ng. (V.46) 


Tlogcrapasaa B popmyvy (V.43) 3nayenne cub P no dopmyvie (V.36), nomy4uM: 


P; | Cm) yp satay =a Mo mpH Re> 0: (v.47 
cp Zy cos BDc( — Mz + ByP2 + My) } 
| Um) Dylp sina (I —my— A, (E+ Ma) MPH Re <O. 


t 


Mopmyuia (V.47) nomyyena waa MeXaHH3Ma MoBopoTa JOWaTOK C nByms 
cepBomoTopamH. Ecau uucio cepBomoropos k > 2, To ‘ANA onpezesenua 


cumbt Pz, BbIpaxenue (V.47) HaO YMHOXKUTb Ha 2 


EcJIM pacCMOTpeTb YCOBHA paBHOBecHa Kaxkloro H3 3JIEMCHTOB Me@XaH3Ma 
NOBOpoTa JOMAaTOK Mp xogze Ha OTKphITHe (puc. V.29, 6), TO AWA CHbI Pr 
NOyaHM PopMywJy, aHanoruunyro (V.47), C TOM AHIIb pasHHueH, YTO 3HaKH 
nepex WJieHaMu, YUMTHIBAIOIHMH NOTepH Ha TpeHHe, H3MCHATCA Ha oOparTHple. 
EHHbIe BhIpaKeHHA IIH Prop, IipHrogwHble Kak Ip XOjle Ha 3aKpbiTHe, Tak H 
IpH Xofe Ha OTKPbITHe HaNpaBJAlOMlero allapata, HMeIOT BHI: 


—M,+ BP2,+CA+ My - 
| sina enyea (lL £%) up R. > 0; | 
r= — (V.48) 
— Ma + ByP2+ My . 
t 


scosp ip sin (1 1) FA (1 + n,) npn R,<0, 
rye 
sg — — 220 De (V.49) 
— K(L-+m) D, 


BepxHve 3HaKH fepeq 4leHaMH C JABOHHbBIMH 3HAKAMH COOTBETCTBYIOT 
XOAY MOPWHA CepBOMOTOPOB Ha 3aKPbITHe HallpaBJAlOUlero almapata, HHK- 
HHe — Ha OTKDPbITHe. 

OnpefeiuB MaKCuMa/IbHOe 3Ha¥eHHe CHJIbI cepBoMoTOpa Pepmax, MO2XKHO 
no dopmMysiam (V.23) — (V.25) Halitw nepenay AaBNeHHH B MOMOCTAX CepBO- 
moTopa Ap = p, — Po HM NosoGpaTh HEOOXOAMMbIM AHaMeTp cepBomoTopa d,. 

Ecau 2HamMeTp cepBomotopa d, ABJAeTCA H3BECTHbIM, TO omoran 6 ~ 1, 
IOJLY 4M: 








4P. 
| Z —TIpH OJMHapHbIxX CepBoMOoTOpaX; 
Jt 
Ap=) — , (V.50) 
QP’ 
p 
— 2 MPH CKBOeHHLIX CepBoMOTOpaX. 


c 


OTHOWIeHHe HOMHHAJIbHOrO JaBJIeHHA Maca B KoTAe MHY p, Kk nepenayzy 
qaBleHHi Ap onpenenner KoasppulHeHT 3anaca & 10 WaBJeHHIO MaCJia B CepBo- 
MOTOpe 


_— Pr 
b= a (V.51) 
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Koabdbulnent k yUHTbIBaeT HETOUHOCTh MepecueTa THApaBIMYeCKHX Xa- 
PpaKTepHCTHK C MOMe/IH Ha HAaTYPy, AOOABOUHbIe TPeCHHA B 3BEHbAX MeXaHH3Ma 
NOBOpoTa JIOMaTOK WM Apyruve He y4TeHHble pacueTom daktToppHl. Jia oGecne- 
YEHHA HaeKHOHK paooThl HalpaBAAOllero anmapata KosppulHentT k pekomen- 
AYeTCA lIPHHHMaTb PaBHbIM He MeuHee 1,6. . 

IIlpH onpenzenenuu WuamMetpa cepBomoTopa d, 3aaloTcA KOappHWHeHTOM k 
MH 43 dopmya (V.50) wu (V.51) nomyuaror: 


9 V Re 
Tp, AJIA OAWHADHBIX Ce€PBOMOTODPOB, 
d, = | (V.52) 


2kP,, max | | 
———— _ — JIA CHBOCHHbIX CEPBOMCTOPOB. 


UP 14 


HomuHasbHoe JaBsieHHe Maca B KoTIe MHY B HacTosiiee BpeMaA MpH- 
HHMAIOT paBHbIM p, = 40 KI/cm?. 

3Han nepenay Japienui Ap, MoxkKHO HaHTH JaBJICHHA Pp, H Py B MOOCTAX 
3aKPbITHA WH OTKPbITHA CepBOMOTOpa. TouHoe onpeneeHHe ps H Pp, MpOH3sBoO- 
AHTCA Np pacueTax CucTeMbI perysupoBaHua. [IpH6nM2xKeHHO ps H P, MO2KHO 
HaHTH, CCH HCXOJHTb H3 NpeANOMORKeHHA, UTO ApocceHpoBaHHe Maca B Ha- 
NOPHOH HV CJIMBHOK WeIAX 3OJOTHHKAa OMMHAKOBHI, a NOTepH JaBseHHA B Tpy6o- 
NpOBOLaxX He@3Ha4HTebHbI H HMH MOXKHO MpeHeOpeub. Torga 


7 Pu = Po + Ps- | | | (V.53) 
OTO COOTHOMeHHE XOPOWIO NOATBepxKaeTcA 9KClepHMeHTaJIbHBIMH au- 
HbIMH ILKTH, nomyyennpima np HaTypHbIX uCHbITanHAX TypOuH Ha TOC. 


Jlo6apaaa K (V.53) BhIipaxkeHua Aaa Ap, nomyaaem cucTemMy JByX ypaBHe- 
HHH: | | 


A — Ds + Po; 
V.54 
Ap = Ps — Po- ( 

Peulaa STH ypaBHeHHA, HaxoOJHM 
utA 

P3 >= Pane ) 

(V.50) 
_. Pu— Ap 
Pyro: 


Bosppallaach K BbIMHCAeHHIO KOIpPuUMeHTa m no dopmyue (V.27), mo- 
JY4HM 


— (1 — 58) px + (1-+ 8) Ap — AIH OAHHAPHbIX CEPBOMOTOPOB 


(1 — 5) pp + (1 + 8) Ap Ge3 KOHTPLITOKQ; 
n= | (V.56) 
25Ap — JIA OJMHAPHbIX CEPBOMOTOPOB 
(1 — 8) pa + (1 + 8) Ap C KOHTPLUTOKOM. 


iid MOJyYeHHA MHHHMAJIbHbIX YCHJHH CepBOMOTOpa H, -CJI@OBATeIbHO, 
MHHHM@JIbHBIX HX AHAMeTPOB WesecooOpa3sHo B CxXeMe IIpHBOa HalipaBJAlo- 
Wero almapatTa BblIOMpaTb Dy BO3MOXKHO MeCHDbILIHM; /, — BO3MOXKHO OOJIb- 
weH; B Hy — ONM3KHMH_K IpsmMomy yray; D, — CoNbIIEM, uem D,. 

OnnaKo 9TH Tpe6oBaHHa MOryT ObITb BEITOMHEHEL B H3BeCTHBIX Mpememax. 
HviameTp pacnojoxKeHHA JonaTOK HalipaBJsalollero ammapatTa OObIHO BbION- 
paloT MHHHM@JIbHO BO3MOXKHBIM C yUeTOM Hapy2XKHbIX pa3MepoB pabouero KO- 
Jieca TaK, YTOOLI IPH OTKPBITOM HalipaBJewlleM almapaTe BLIXOJHbIe KPOMKH 
JOMATOK He MellaH Obl BpalleHHlo paOouero Kovleca pafWaJIbHO-OCceBOH Typ- 
OMHbI HM He OUCHb CBHCaJIM Haw KaMepoH paOouero Kovleca NOBOpOTHOVIONAacrT- 
HOH TYPpOHHEI HW He yXy/llaiu Obl NOABOA BOLI K pabouemy kovecy. 
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Asuna pbuara HallpaBlatoueH JomaTKH /, OrpaHH4HBaeTCAH peasibHo 
BOSMOXKHBIM CYLICCTBYIONLHM IIPpOCTPpaHCTBOM Ha KPbIIlIKe TyPOHHbI MexKLy 
HaMeTPOM PpaCNOJOKeHHA HalpaBMAWOWHX JOMaTOK D» H AMaMeTpoM pery- 
AHpylomlero koOJIbua D,, pa3Mep KOTOpOrO CBA3aH C pa3MepaMH Bala, NOAWMN- 
HHKa TYpOHHbI H YCJIOBHAMH HX OOCJyKUBAHHA. 

B Tra6a1. V.1 aHbl OCHOBHbIe€ COOTHOWWECHHA MapaMeTPOB WHJIMHApHyeckoro 
HalpaBJalollero ammapata, a B Ta6Om. V.4u Ha puc. V.30 — ocHnoBHute 
Ppa3Mepbl 9JIEMCHTOB Me€XaHH3Ma MOBOPOTa B 3aBHCHMOCTH OT HaMeTpa pa6o- 
wero KOJIeCa. STHMH COOTHOWICHHAMH MOJIb3SY!IOTCA IPH MpOeKTHPOBaHHH THd- 
poTypOuH. 

Brl6paB pa3mMepbl H KOHCTPyKUH!0 MeXaHHMa TOBOpoTa, OG6bINHO Hpous3- 
BOAAT MOCTpoeHHe HallpaBJAaLollero alnapata, B pesybTaTe Yero ONpeseAWwT 
BEIHYHHY XOfa CepBoMOTOpa, ObecneyHBalolwlero 3afaHHoe OTKPHITHe HalpaB- 
AAIOULHX MOMNATOK. 

Bui6pasp THM MeXaHH3Ma NOBOpOoTa H 3HaA ero NOMOKCHHA NPH pasHbix 
OTKPBITHAX HallpaBJAlollero aliMapaTa, MOXKHO NOCTPOHTb KPHBbIe TATOBOrO 
MoMeHTa M,, JIA MOMATKH OT CEPBOMOTOPA IPH Pa3sHbIX OTKPbITHAX HalpaBJI1Alo- 
Wiero anmapaTa dy. Ha pue. V.27 3TH KpHBbIe MOKa3aHbl WIA 3aKPbITHA U 
OTKPbITHA HallpaBJAlowlero annapata. Kak BHAHO 3 pHCyHKa, 3anac TATOBOrO 
MOMeHTa He OJHHAKOB, — MPH pasHbIX OTKPbITHAX HallpaBiAIOUlero annapata 
OH pa3M4en. 

Moments M, 4 Mmp MOMKHO NOCTPOHTh ANA pasIH4HbIX 3HAYeCHHH HArMOpos. 

aA WpeiBaputTeibHoro BbIOOpa AHaMeTpa CepBOMOTOPa MIPHMEHHTeJIbHO 
K HOPMaJIH30BaHHOH cHIOBoH cxeme JIM3 MOXHO NOMb30BaTbCA CeLyloulen 
(pOpMYJIOH: 


d, — AD, V koH inax ’ (V.57) 


rie A — KoapDHIWeHT, 3aBHCAMMH OT 4HCa somaToK; 
ky — OTHOCHTeJIbHaA BbLICOTa HalpaBJIAloWlero annapata 


b 
kyo = D, . 





SHayeHne A pH ABYX CepBOMOTOpaXx OyeT HUMETb CuIeELYyIONLHe BeEHUHHE: 


Uneno momaToK .......... 2... 2... 216 24 32 
6 0 0,03 0,028 


OObIYHO Ha 3aBO)axX HCNOJMb3YIOT HOPMAaJH30BaHHbIN PAX HAMeTPOB CepBo- 
MOTOPOB, NOITOMY MOACUHTaHHaA BeNHYHHAa MHaMeTpa CepBOMOTOPa OKDpyr- 
JAeTCA DO ONHKakwero HOPMaJbHOrO pa3sMepa. JIM3 npuMeHserT crexyIouLHH 
pA, WHaMeTpoB cepBomorTopos: d, = 200, 250, 300, 350, 400, 450, 500, 550, 
600, 650, 700, 750, 800, 850, 900. 

BelwunHHa xXOJa CepBOMOTOPa MOXKeT ObITh ONpedeMeHa OPHeEHTHPOBOUHO 
NO cJleqylouleH 2MNHpHyecKOH Gopmyuvie 


s = (1,4+1,8) ag; (V.58) 


MCHbINHH KOSPDHILHEHT CeLyeT IPHHHMaTb VIA TypOuH C AHaMeTPOM padoyero 
Koleca JO O mM. | 


7 PACYET HA HPOYUHOCTD JIONATKH 
HATPABJIAIOWJEFO ATMWAPATA 


Ha puc. V.31 u306paxeHa monaTKa WHAHHApHyueckoro (palHabHOoro) 
HalpaBAAollero allmapatTa HM mOKasaHo ee Harpy 2KeHue B MOCKOCTH HaHMeHb- 
wel %XeCTKOCTH (H3rHOOM B MJIOCKOCTH HaHOO/IbUIeH KeCTKOCTH, Kak MpaBHo, 
MOMHO WpeHeOpeub). Bee Harpy3KH NpHBeNeHbl K OCeBOH JIMHHH JOMaTKH. 
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Tlomyyuaroulveca Mp 3STOM MOMeHTHI MOKa3aHbl Ha puc. V.29. OnH yxKe Onlin 
YUTeHbI MpH onpexzeneHHu noTpedHoro yCHJIHMA CepBOMOTOpa B II. 6. 

PaccMoTpuM HanhOoulee OOUIHH ClydaH Harpy2KeHHA, COOTBETCTB YOM 3a- 
KJIMHHBaHHO JIOMaTKH B pe3syAbTaTe NomakaHHA B HallpaBJIAIOWHH almapat 
Kakoro-J1H60 HHOpOJHOrO Tea. IIpH sToM Ha MomaTKy CO CTOPOHbI HHOpO- 
HOrO Tela JeHCTByeT cocpeyoTO"UeHHan cua P, WH COCpeROTOYCHHbIH MOMeCHT 
M, = P,lo1. Kak ye yKa3blBa- 
OCb, Nip pacueTe JomaTKH pac- 
CMaTPHBaeTCA CaMbIM HEBbITOAHbI 
cayuan HarpyKeHHA — 3aKJIHHH- 
BaHHe MOocpeHHe BbICOTHI Hallpa- 
BAsioulero amumapata. I[puH Hop- 
Ma@JIbHbIX Pe2*KHMax paOoTbI cuie- 
ayeT monoxKuTb Ps = 0. 

IIpu pacuere Ha IMpOu4HOCTb 
lomaTKa pacCMaTpHBaeTCA Kak 
Gasika NlepeMeHHOoro ceyeHHA, CO- 
CTOAILaA H3 TpeX y4acTKOB C MO- 
MeHTaMH HHepuHn J;, Jy HW Jy 
H OMHpaiuladcA Ha TpHu a6co- 
JHOTHO 2KecTKWe ONOPbI, a, 0 UC 
(puc. V.31); Ha onmope c HMeeTCA oy Mla 
pacueTHHI 3a30p A, KkoToppilit 
onpeleideTcA H3 yCOBHA HaH6o- 
jlee pallHoHasbHoro pacnpeyene- 8) Mus 
HHA HanpsAKeHHH B Nepe JOonNaTKH 
u B ee nande. IIpennonowenne 06 
aOCOJHOTHOHM %KeCTKOCTH Bcex Tpex 2M” 
Onop ABIAeTCA NpHOAMKeHHBIM. 

B JeHCTBUTeIbHOCTH CpeHAA ONO- a) WL 
pa 6 aABMAAeTCA ynpyrouv, O4HaKO 
B II€pBOM MpHOJIHKeHHH e€€ MOXKHO 
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paccMaTpHBaTb KaK 2KeCTKylO. © i 
Yupyrocrb onopst b BnoclexcTBUH J ay 
MOXKHO YYeCTb IYT€M COOTBETCT- x) me. =f 





BYIOIero YBeJIM4eHHA pacueTHOro 
3a30pa A. 








, Me 

Vissectuo, To 6aiKa Ha Tpex Mp | 
onlopax ABJMeTCA CTaTHHeCKH He- Puce. V.31. Cxema Harpy3ox Ha Halp aBJAIOULyIO 
onpee/IHMOH. Jia packpbiTHa y | 


cTaTH¥eCKOH HeOMpeeIHMOCTH sOMaTKH OObITHO HCHOMIb3yIOT MeTON cpaB- 
HeHHA espOpMallHH, AIA wero NyTeM oTOpacbiBaHHA ONOPbl c MoMaTKa 
npeBpalaeTca B cTaTHYUeCKH oOMpeemHMylo Oanky Ha AByxX onopax a Hu BO. 
B tTouke c ompegeiserca mporu6 nomysenHow Oanku UU 93TOT porno 
nipupaBuuBaetca 3a30py A. Jina BoraucneHua nporH6a MOAb3y!IOTCA HHTe- 
rpasiom Maxcpenna—Mopa.’ Jina sTow wemH HeEOOXOAMMO NOCTPOHTh SIMIOpbl 
H3rHOaloulHX MOMEHTOB OT JeHcTBHA KaxKJOH Harpy3KH H TO MpaBuay Bepe- 
WarvHa MpOw3BeCTH NepeMHOKeHHE COOTBETCTBYIOWHX 3miop. Ha puc. V.3l 
NmOKa3aHa OCHOBHas cucTema (puc. V. 3l,a) H NMOCTpoeHbI 3TMIOpbl H3rHOaroulHNx 


MOMCHTOB OT JeHCTBHA paciipeseeHHOH Harpy3kH gq = ——, COOTBeTCTBYIOIleH 
ly 


? 


roipaBanyeckokK cue P, = | (puc. V. 3l, 6), OT TeHcTBHA cocpesoTO"VeHHOH 


5 


1 Panee AJA STOH WeNH MpHMeHAJICA MeTOA HHTerpHpoBaHHA AudepeHWHaAbHOrO ypaBHe- 
HHA H3rh6a 6ankH, paspa6oTaHHbI NPHMeHUTeEIbHO K HallpaBAAIOUMM JOnaTKaM A. E. DKMyJb 
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cunpi P = | (puc. V.31, 6), cocpeqoTroueHHot cunbt P, = | (puc. V.31, 2), co- 


cpefoToueHHoOH cuIbl R, = | (puc. V.31,.0), asmiopa MoMeHTOB HHepuHH J 
(puc. V.31, e) WH smlopa npHBeszenHOrO usru6aroulero momenta M° = me 


(puc. V.31, ac). Kaxkaaa 43 yKa3aHHbix Harpy30K BbISbIBaeT CAeLYyIOllHe peak- 
HH Ha onopax a H DO: 














le 
2 +s 
2 ls. 
Ri=——; Ra= sin («—); 
Lb (V.59) 
3 g Tis R l, 
Ra = L , aT; 
le 
a+s 
2 L+! 
Ri=——; Re == -Esin(e —y); 
| V. 
ih (V.60) 
tig RR Labs | 
bp D J 


 HUcnoup3ya 3TH BbIpaxKeHHA JIA peaKILHH, MOXKHO BLIMHCAHTb H3THOatollHe 

MOMeHTHI B NATH XapaKTePHbIX CeYeHHAX NonaTKH /, 2, 3, 4 HO, yKa3aHHBlx 
Ha 9mI0pax (puc. V.31): 

q . _. . __. __ f)- 

Mj = Ril; M3 — Réls; M3 — Mi — 0; 


M§= Ri(h +2) —33 MP = Roh; M2 = Re +h); 


=r 


M3 = [, sin (« — y); MP = (I, —1,) sin (a — %); 











3 3 3 3 V 61 
ME = RE(, +2); Mi= Ris Mi= Rily men) 
M3 = Mi = 0; M3 = Ri(h +3); My = Roly; 
MS = Rol +b); MS=1,; MP =0; MP = RF (+2); | 
0 My AAO Me | 
re Iiy? 
R R 
Ms Ma (V.62) 
Jir? Juin’ 
» _ My on. ago. MS 
oo Tin? 1=0; Ms = Jy 


IIporu6 6a1kH MOXKHO ONpesesuTb IPH NOMOWH UHTerpata MakcBetaa— 
Mopa 
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IIpumMeoaa mpaBuno BepeularuHa, nowyuuM, nmepemMHoxaa amiopp M7 
u M°, caexyomee BbIpPakeHHe AIA NepemMemeHua TOouKH C oT eHCTBHA Ha- 


rpy3KH g = i (a1a yHoOcTBa NepemMelieHHaA yBemHueHH B E pas): 
Ey? = 4% 2 MiMi +2 2 (MIMS + 4MgMé + M3M3) +2 Mg (2 M3 + M3)- 
| (V.63) 


AHafOrHuHbim O6pa30M, NepeMHOxKaA SMIOphl, NOMYIHM MepeMelleHHA OT 
Harpy30kK P= 1, P,=1u R= 1: 


Ey? = aM M? +2 [2 (MPM? + Mi M3) + ME + MEM] + 
+! [2 (Moms + ME M$) -+ M3 M3 -+ M33] + 
+ M3 (2M3 + Mb); (V.64) 
Ey? = A Mim? + 2 {[2 (MIM? + M&M8) + Mime + MsMi| + 


+ [2 (MgMs + MSM3) + MEMS + MSMS]} + 
4 2 M3 (2M ++ M3); (V.65) 


Ey® = 3 MEMi + 2[2 (MEMi + MEM2) + MEMS + 
+ MSM] + @[2 (Mas + MMS) -+ MEMS + MsM3] + 
+3 fo MR M3. : | : (V.66) 


CymmupyaA NOJYYCHHBIE BILE mporu6nl, Halinem o6ulHit mporu6 y, pH 
COBMeECTHOM Ji@HCTBHH BCeX Harpy30K, KOTOPbIM He JOJKeH MpeBbIaTb Be- 
JAMYHHEI 3a30pa A Ha onope C, 


yYe=y'P,+y°P +yYP,—y R, <A. (V.67) 
M3 sroro ycuoBua HaxoqHM peakunio R, 
R, = ,P2 + B.P +0,P; + vA, (V.68) 
rye 
_~”. pgp ¥. gv. y 
Me YR? Be = RS ey Vo = ye (V.69) 


Peakuuu Ha IByX Apyrux Omopax MOXKHO HaliTH CyMMMpOBaHHeM peakuni, 
BOSHHKAIOWUX Mp AeHCTBHH KamxKAOM Harpy3Ku B OTJCbHOCTH H ONpememne- 
MIX 10 d@opMyviam (V.59) Hu (V.60): 

R, = a,P, + BP + oP, + yA; , 
Ry, = OP + BpP + OP, + YA, 
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(V.70) 


rae 
- ta = Ri—a,Re; = RitaRs; ' 
Bo = Ri —B,Ro; Po = —RE +PeR3: 
@q = Ri —@Re; = Ri + ORs; 
Y= — voRe 3 Yo = eRe - ) 


Peakuua R,, BbiancleHHaA NO dopmyse (V.68), Moker OKa3aTbCA KaK 
NOJOKUTeEIbHOH, TAK H OTPHUATeIbHOH. PeaJIbHbIM CMbICJI HMEeT TOJIbKO HOJIO- 
*KHTebHOe 3HaveHHe R,. SHaueHHe R, CO 3HAaKOM MHHYC YKa3biBaeT Ha TO, 
yuTo 3sa30p A mpu yeKCTByIOWMX Harpy3Kax He 3aKpbiBaeTcA (B STOM cuTyyae 
cnefhyeT peakunio R, NOOMKUTb paBHOH Hylo). Takum oOpa3om, B caly4ae 


(V.71) 


R,=4P.+ BP + o,Ps t+ yA <0 | (V.72) 
peakivaA Ha ONOpax JONATKH OlpeseAeTCA 0 cdopmMywiam 
R, = 0; 
R, = G%P2+PeP + 0,P,; (V.73) 


R, = %P, +B,P + Ps, 
rye 

~~. -_ wy. — D7. 
C= Ri; p= R3; 

Q P, A P, 

Ba = Ra; Bo = — Ro; (V.74) 
- 3. 7 3 
Wq = Ra, 0, = R3. \ 

Jlocae onpenzeneHHaA peaKUWH IIpesCTaBJIAeTCH BO3MOXKHbIM HaHTH MOMeHT 


TpeHHA Ha ONOpax MoMmaTKH. 
TioactaBaaa 3HaueHHA peakuHH (V.68), (V.70) uau (V.73) B BbIpaxeHuA 
Jia MOMeHTa TpeHuan M,,, (V.19), nomzyauM: 


AP+ BP,+CA+DP,+M, mnpu R,>0; 
mp A,P + B,P.+D,P,+M, npo R,<0, 


rie peakuua R, H MOMCHT TpeHHA B YNOPHOM nogmMnHNKe M, onpelensaioTca 
no mopmystam (V.68) u (V.20), a Kosbpunnents A, B,C,D, A,, By, Dy Bpipa- 
*KAalOTCA POPMyJ1aMH: 


(V.75) 


A= 5 (WadBa + vadBy + wd B.): 
B= 5 (Ud M%q -F [pd pp + pd ,Q,); 
C= + WadaVa + Lede Ve + Ud.) ) 


| D= 5 (ada + ads, + He d0,); (V.76) 


A,= 5 (u.dBa + LodBo); | 
1 _ _ 
‘B, =F (Wed ha + UW,d,a5); 

) 


D, = > (1.4.4 + pd,00). 
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Jiaia pacuera JOMNaTKH Ha TpO“WHOCTh HeOXOAHMO 3HAaTb U3rHOalollHe. MO- 
MeHTLI B €€ XapaKTepHbIX CCUCHHAX MPH COBMECTHOM JeHCcTBHH, BCeX Harpy- 
30K. [lomp3yacb NpPHHWMNOM. He3aBHCHMOCTH JeHCTBHA CH, HaHJeM MOMeHTHI 
B NATH CeYeHHAX JIONATKH, YKe MCMOMb3OBAaHHBIX BbIWe AIA packpbiTHA ee 
CTaTH¥UeCKOH HeOMpeeAHMOCTH: 


“My = MIP, + MEP + MIP, — MER: 
Ma== M§Pe + Mo P + M3P,—M2 Re; | . 
M3=M3P —MSR.; V.77) 
Ma = MEP; 
Ms = M$P. + Ms P + MsPs— M5 ‘Res 
roe Mi, Mi, M? u Ms i OlpezenarotTca m0 dopmyviam (V.61). | 
B cayyae, ecnm 3a30p A He 3aKpniBaetca, T. e. peaxuua R, no dopmyuie 
(V.68) MeHbIle HyJId, TO NocHeLHHe WIeHEI B cpopMywax (V.77) He y4HTHIBaIOTCA. 


SHaa usrH6aiomMe MOMeHTEI (V.77), MOXHO BHIUHCIHTb M@&KCHMaJIbHbIe 
HOPMaJIBHEIe HanpsaKeHHA B KaxXKJOM H3 NATH ceyeHH | 


o= ee: (V.78) 
— | i 
rie W;— MOMCHTHI CONPOTHBJICHHA . COOTBETCTBYIOWHX CeYeHHH JOMaTKH 
mpH usru6e (i = 1, 2, ..., 5). 
-MakcyMasIbHble KacaTesbHBie HanpaxKeHHA B TeX We CeqeHHAX JOMATKH 
olpefzemsaIoTca 110 dopmyuie 





Lok . M . | 
= a : , (V.79) 
Kpi 
rye W xpi — MOMEHTEI CONPOTHBIeCHHA CooTBeTcTBYIOULHX ceyeHHH JOmaTKH 
ip Kpyyenuu (i = 1, 2, , Oo). 
KpyTallve MOMCHTHI HaxOAATCA 10 ‘BEIDAKeHHAM: 


Mxp1 = 9,5pedaRa; 
Mip2 = Pl, sin a (1 —n,) — 0,9 (Uyd, Ry + BedeR,) — 
Myxp3 = Plpsina (1 — nm) — 0,5p,d,R, — M,; (V.80) 
Mp, = Pl,sina (1 —n,) — M,; 
Mxps = Pl,sina (1 —n,) + 0,5M, — 0,5 (u,d,R, + Bed R-) —M 


re n, — KosdpuuHenHT noTepb B WapHupax Cepbru, oNpesetAemMbI 0 
cdopmysie (V.33); | 
M,— ompejzensetca 110 dopmyse (V.29), B pacueTe pH 3aKHHHBAHUE 


HanpaBlsalolero annapata sBMecto M, mpuHumaetcan Maz 


_ Tlomaraa, urO MaKCHMaJIbHble HallpAxKeHHA O; H T; HMCIOT MECTO B OJHOH 
H TOH 2%e TOUKe KaxKOTO H3 pacCMaTPHBaeMbIX ceyeHHH, MH npHMeHaA IIL 
TEOPHIO IIPOUHOCTH, HaXOJHM IIPHBeAeHHbIe HallpAKeHHA 


Oi np — V oi+4u 442, | (V.81) 


Ilo yaeHHble 3HaYeHHA O;p,p HE JOVKHEI MPeBLIMaTb jonyckaemoro Halips- 
KCHHA IIA MaTepHana sonaTKH [o]. [laa aomaToK u3 yrueponucton cTaJv 
pekoMeHyzyeTca mpHHHMaTb [o] = 1300+1400 «I /cm?. 

PacueTnl no dopmy.laM HacToanero naparpada YNO6HO NpOBOANTb B Ta6- 
IH4HOH opme. 
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8 NOCIENOBATEJIBHOCTb PACUETA 
HATPABJISIOWJErO ATNMAPATA 


PacueT HallpaBsimiolmero alliiapaTa MpOw3BOAAT B cwenyrorlem nopaAKe: 

1. Onpeyeisetca OnTHMaIbHbIH 3a30p A Ha BepxHel onope HalpaBia- 
1OWeH JIOMATKH. 

2. BpluicaaeTca noTpeOHoe ycuiMe H OMpeyernsiotcA Mapamerpsl cepBo- 
MOTOpa. | 

3. II[pousBoqutTca pacueT JonaTKH Ha NpOYHOCTS Npu pabouwnx Harpy3kax. 

4. IIpon3poqutca pacueT ONaTKH Ha MpOUHOCTh NpH 3aKIHHUBAaHHH 
HalipaBAlowlero alnaparta. a 

Oo. I[pouspoquTca pacueT NMOMMMNHAKA HallpaBlniomeH omaTKH H BHO- 
CHTCA KOPPeKTHB B BeJIMYMHYy 3a30pa A, onpegenenHoro no nyHKTy |. 


Onpejenenne ONTHMaNbHOrO 3a30pa A 


Kak yKa3aHo B ni. 5, pacueT NPOMSBOAHTCA IPH 3aKpbITOM HaNpaBsaronleM 
anmapate, Kora cua P cCOOTBeTCTByeT MaKCHMA@JIbHOMY lepellaly aBlennit 
MaCJla B UHHHIpax cepBomotopa, cua Ps, paBHa HyJO, TM ipaBanueckan 
cua Pz BRIYHCIAeTCH C YYeCTOM NOBbILICHHA LaBJIeHHA Nepey HanpaBJIAIOLUM 
amnapaToM BCJIeqCTBHe FHApaBsHYeckorO yyapa.. — 7 | 

1. Bpruvcamotca OceBble MOMCHTHI HHEPIMM WIA Tpex yY¥acTKoB JlonaTKu 
Ji, Jy HW Jy. : | 

2. OmpeyeA10TCH MOMEHTEI CONPOTHBAeHHA pH u3srH6e W, B naATH xa- 
pakTepHbIX ceyeHHuAX JonaTKHM (pve. V.31), 2 2 

3. HaxolaTca MOMCHTEI COMPOTHBIeHHA NpH KpyyeHHH Wrpi B TeX Ke 
MATH CCYCHHAX JIOMATKH. . po | me 

4. Ilo hopmywam (V.59) u (V.60) BrruncasioTca peakiMH Ha onopax aH b 
OT J@HCTBHA e(MHHYHBIX cH P2 = 1, P= 1, Pp=1lu PR, = 1. ) 

do. Tipu nomomu dopmya (V.61) wu (V.62) onpenensmiorca usru6aiomne H 
IIPHBeJeHHbIe MOMCHTHI B KaXKJOM H3 NATH XapakTepHbix ceyenni. 

6. Ilo hopmywam (V.63)—(V.66) Haxogatca mporuén y7, y?, y? uw yR., 

7. Ho dopmyae (V.69) BrrancamotcH KosppunHeHTH @,, B., @, H Ye. 

8. C nomombi dopmy (V.71) onpexenmotca koadbunnentsl a, Oy, 
Ba, Bs; Wa, Wp, Ya H Vo. | — UO __ 

Ilo hopmyaam (V.74) HaxogaTcn KOSq@XpHUHeHTE! Gy, &, Bg, By, We H Os. 

Y. Ilo @opmywtam (V.76) Haxogzatca Koadpunnenter A, B, C, D, Ay, B, 
H D,. | | 

10. Onpegzensiotca ruspaBmMuecKkHe Harpy3KH Ha JomaTKy P$, M2 u N° 
IPH 3aKPbITOM NMOMOKCHHH HalpaBJAIoOWlero allmapaTa 10 dopmy.am (V.12), 
4 Tak2Ke BbIYHCIAIOTCH MOMCHTEI TpeHHA B yNOpHOM nogqmMnHuKe M, no 
fbopmyvie (V.20). | | 

11. Momaran 6 = 1 wu Ap = ps — py = py, 10 topmysam (V.23)—(V.25) 
HAXONAT MAKCHMaJIbHOe ycusIHe cepBoMOTOpOB Py, nay. : | 

12. Wonaran m= 1 u nm =O, no dopmyne (V.43) Haxogat cuay P, 
JeHCTBYIOULyIO Ha JOMaTKy CO CTOPOHBI CepbrH. 

13. SaaioT HekoTopyto BemuunHy 3a30pa A (Hanpumep, A = 0,1 cm) 
H BHIYHCAIAIOT MIPHBeJeHHbIe HallpAKCHHA Oj; np B MATH XapaKTepHbIX cCeue- 
HHAX. Jia sTOrO ucnONb3syoTcA dopmysn (V.68), (V.70), (V.72), (V.73), 
(V.77), (V.78), (V.79), (V.80)  (V.81). 

OTH BHIUHCHIeHHA WeecooO6pa3Ho MpoBOsNTb B TaGHUHOH dopme. Ecan 
OKaXKeTCA, YTO MPH KakHX-HG6O 3a30pax A peakxuna R, < 0, TO B JanbHeHwem 
pacuete CulelyeT NONOKUTh RK, = O, apeakunn R, u Ry, HaxXOAUTh IPH NOMONIH 


=—w a _—i we —_ 
a 


KOSPPHUHEHTOB &y, By, @,:H A, By, Os. | | 
_ 14. Sanaiotch payoM HOBBIX 3Ha¥eHHH 3a30pa A uM AIA KaxKOTO M3 HHX 
BHOBb IIPOH3BOAAT BeCb WHKJI BbIMHCIeHHH NO nyHKTy 13. os 
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15. Crpoutca rpaduk mnpyuseqenunrx HanpAKeHHH B SABHCHMOCTH OT 
BeIHUHHbI 3a30pa A uv BHIOupaeTcA ONTHMabHOe 3HaueHHe Ay. Ppaduyeckoe 
ONPeHeICHHe ONTHMANbHOrO SHAYCHHA 3a30pa NOKasaHO Ha puc. V.32. 

16. BenencrBue usru6a nogmun- 6,40 /em? 

HHKa HalpaBJAloMleh ONAaTKH 3a30p A, 
yMeHbluaetca. Tlostomy aA Toro, 4TO- 
Obl KOMN€HCHPOBaTb 3TO yYMeHbIIeHHe, 
Ha3Ha¥aeMan TIpH MpOeCKTHPOBaHHH Be- 


AM4HHA 3a30pa A jOmKHAa ObITh 60/b- 
me, 4wem Ag, : 


— [ 
A= Ao +Yp—+*, 





re Yg—Mpora6 noqwunnuka nanpa- 
BIAIOMeH JONaTKH B TO- 0 Ag | A,mm 
uke rpHaioxKenua peak- Puc. V.32. M3mMeHenua HanpsxenHii B ce- 
nun R,; WCHHAX HallpaBJAlouleh monaTKH Np pa3- 
L, l,—pasmepbi JomarKu (puc.V.30), serk BPorHioax 

Beruunna nporu6a yp 3aBHCUT OT peakuHH R, 4H OT KOHCTpyKWHH Nogmn- 
HHka HW ONpeweAeTCA pH pacuete JeTanei HanpaBsaroulero altlapata ruypo- 

TYpOuH, | 





Onpenenenue notTpe6Horo ycuana 
H TapaMeTpoOB CepBomoTopa 


_ Tlorpe6Hoe ycuaue ceppomoropa BBUuNcAAeTCA NpH pasHbIxX 3HaveHuAX 
Hanopa H M4 pw pa3HEIX OTKpBITHAX HalpaBsalolmero allmapata Gp. 

1. Ilo @opmye (V.22) naxogutca MoMmeHT YNJIOTHEHHA IPH 3aKPbITOM 
NOWOKCHHH HalpaBjMmiowlero annmapata M,p. | | 

2. []pousBogutca nocrpoenve HanpaBysiomlero allapata, 1p KOTOpoM 
ONPEACIAIOTCA YIIbI ® H B MPH PasHBIX OTKPHITHAX HaNpaBsAIOMero anna- 
pata ay. | | : 

3. lo d@opmysam (V.33), (V .44)—-(V.46) Haxonatca KosdpuuMentn mno- 
TEPb My, My, Ng H Ng MPH PaSHBIX OTKPbITHAX Qo. | 

4. Ilo dopmysam (V.8), (V.9) Haxogsatca rHpaBIMyeckHe XapakTepu- 
CTHKH P, u M, HpH Pa3HbIX OTKPBITHAX Qo. 


e 
Oo. [Ipoussogutca BBIMHCCHHE CHJIbI CepBOMOTOpa P.» m0 tbopmyuie (V.48), 
6. H3 scex sHayenuit Pop, NOyYeHHEIX B yHKTe 5, onpenensioT Makcu- 


MaJIbHOe 3HayueHHe P., max H HaXOJAT HEOOXOAMMBIN Nepenal AaBleHu B 0- 
1ocTAx cepBomoTopa Ap no dopmysie (V.50). a : 

7. Ilo hopmyae (V.51) onpexensor KosPPuuneHT 3alaca NO aBseHHIO 
MaCla B C€pBOMOTOpe Rk, KOTOPhIH JOMKeH ObITh He MeHee 1,6. 


PacueT JonmaTKH Ha MpounocTs npH paOounx Harpy3Kax ; 


PacueT npou3BoguTca npH SaKPBITOM NOJOMKCHHH HalpaBAloulero. anma- 
paTa H Tp 3HaueHHH cHIbl P, oOecneunBaiolleM CO3aHHe MOMeHTa yllot- 
Henna M,,,. YAMTHIBaeTCA NOBLIWeHHe LaBIeHHA nepey, HalpaBsAlonluM amma- 
paTOM BCJIeACTBHe THApaBsIMYeCKOrO yyapa. 

PacueT mpou3BoquTcaA TaK 2Ke, KaK H pH BEiOope ONTHMaNbHOrO 3a30pa 
(CM. BIWe), ONHAKO TOMBKO HpH O2HOM 3a30pe, PpaBHOM ONTHMAJIbHOMy 3a- 
sopy A,. OTauuHe HacTonmero pacuera cocTouT B TOM, 4TO cua P onpene- 


aseTca He nO Popmyae (V.43) npu Pop = Pep mux, 443 pacueta norpe6Horo 
YCHIIHA CEPBOMOTOpPa IPH 3aKPBITOM NOMOKeHHH HalpaBAIOMero alnapata 
(A — QO). _ 
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PacueT somaTkKH Ha NpOuHOCTh © 
ip 3aKHHHBaHHH HalpaBinlollero annapata 


B paccCMaTpHBaeMOM aBapHiHOM pe2xKHMe HaNpaBIAIOMNM anmapaT Haxo- 
WMTCAH B OTKPbITOM NOOKCHHH, MOSTOMY MOMCHT ynwoTHeHHA M,,,, = 0. 
BeJIMuUHHa OTKPbITHA 3aBHCHT OT Pa3sMePOB 3aKJIHHHBIWeErOCA HHOPOAHOLO Tena 
H MOMeT ObITb MpOH3BONDHON. TlostTomy B KayecTBe pacueTHOTO IpHHUMae;rcaA 
CaMoe He6jl4rOmpHATHOe OTKPbITHE, 4 HMCHHO TakOe, MPH KOTOPOM ruypaBan- 
ueckKHH mMoMeHT M, uMmeerT MaKCHM@JIbHOe NOMOKHTeEMbHOe 3HaveHHe M, _... 


Kpome rv paBsiduecKkHX Harpy30K Ha OAHYy M3 AOMaTOK CO CTOpOHbI HHOpOHOrO 
Tela JeHCTByIOT cHla P,; 4 MoMeHT M, = P,Lp). 

1. OnpezenaeTcHh MaKCHMaIbHOe 3HaYeHHe LTHpaBIMYeCKOTO MOMeHTA 
Me max WM COOTBeTCTByIoWee eMy 3HAaYeHHe TrHApaBAMYecKOH cuE P, (pu 


TOM 2%K€ OTKPBITHH HallpaBsIAIOWero anmapata ay). 

2. H3 pacuera notpe6Horo ycuHA cepBoMOTOpa ompemenmneTca MaKCH- 
MaJIbHOe 3HaueHHe ycHMaA B cepbre P,,,,. 

3. Onmpeensetca Harpy3ka Ha JIOMaTKy CO CTOPOHBI cepbrvw pu cpese 
fIPeEAOXpaHuTeJbHOrO Mablla B COCMHHECHHH HaksayqKH C pblyarom 


P = BP ox: (V.81a) 


Ilo Hopmam JIMS xosddununent B = 2,5+3,2. 

4. Ilo dopmyue (V.35) Berancasetca cua P;, JelicTByrolwjad Ha omaTKy 
CO CTOPOHBI 3aKJIHHHBIUeETOCcA B HalpaBJIAIONeM allmapaTe HHOpOAHOrO Teva. 

oO. JlabHeHliMH pacueT IIpOH3BOAHTCA Tak 2%xKe, KaK MpH BHIOope ONTH- 
M@JIbHOrO 3a30pa (CM. Bplle). OTIHYHE COCTOHT B TOM, 4TO pacueT pOH3BO- 
AUTCA TObKO MpH OJHOM 3Ha¥eHHH 3a30pa A, paBHOM ONTHMAJIbHOMy 3a- 
sopy Ag. | - 


PacueT NOAUIMMHHKA HallpaBialowen j0naTKH 


Ha puc. V.16 Obia noKka3ana KOHCTpyKUHA NOAWHNHNKa HanpaBrsoment 
AonaTKH. IloqMMNHNK NpelxcTaBAAeT COOOH UyryHHY!0 NeTalb WHIHHApH4ecKor 
(popME! c PuaHiem. C NOMOMLbIO Planes NOAMWMNBNK KpenuTca 6OTaMH K Bepx- 
HeMy KOJIbILy HalpaBsAromero alnapata. B NO _WIMNHHK BCTaBJIAIOTCA Be 
BTYIKH H3 €aHTHPPHKWHOHHOLO MaTepHaa, KOTOPbIMH HanpaByIAeTCA BePXHAA 
Wanda HalpaBJAlomleH JIOMAaTKH. | 

B Tele NOAUIMNHHKAa HMCIOTCA COOTBETCTBYIONIHE BLITOUKH JIA yCTAHOBKH 
YIVIOTHCHHA HW OTBeEPCTHE JIA NOABOMa CMa3KH. @DaHell NOAWHNHHKA MOXKeT 
HMeTbh (aCOHHy!lO *OpMy WIA NepeKPLITHA OTBepcTHH B KOAbUe, Cy KawUx 
WIA BbICeMa JIOMaTOK HalpaBsiAtomlero anmapata (cm. puc. V.13). 

_ HwKHHH KOHeL NOAWIMNHNYKa MMeeT WeHTPHPyOUNhH SOypTHK, CBO6OAHO 
(C HeEOOAbUIHM 3a30PpOM) BCTaBAAeMBIM B THe3{O BePXHero KONbUa HaNpaBa- 
foulkerO alimapara. : 

B 3aBHCHMOCTH OT paclooxKeHHA MOcazouHoro OypTHKa MpHMeHsAIOTCA 
Ba BapWaHTa KOHCTPyKUHH NOAWHNHHKOB. B nepBom BapuaHTe (puc. V.33) 
nocayounbi OypTHK pacnosiowKeH Ha HWKHEM (NpaBOM) Kpae NOAWMUNHHKA, 
BO BTOpOM BapHantTe (puc. V.34) — B npouerte. 

Tloqmunuuk paccMaTpHBaeTcA KaK CTaTHueCKH HeonpeyeruMan OanKa 
M€pCMeHHOTO CeYeHHA, 3allleMJIGeHHaA BepXHHM (JIeBbIM) KpaemM H onepTas 
npaBbim Kpaem (puc. V.33) nau B nponete (puc. V.34). B ulapHupHom onope 
uMeeTcaA sasop 6, ONpeneaeMbIH NocalKOH NOAWHTIHHKAa B BepXHeM KOJIbIIe 
HallpaBAAIowlero allapata HIM B Kpbllike TypOuHBI. [lonmunHHK HarpyxaerTca 
JBYMA NOMepevHbIMH CHIaMH — peakIMAMH JionaTKH R, u R,, BEMHYMHbI KOTO- 
PhIX ONpefenAIOTCA H3 pacueTa NOMATKH HanpaBsaloulero annapata. Benex- 
CTBHe TOTO, 4TO peakuHA AR, NpHOMKeHa B HENOCPEACTBEHHOM OIH30CTH OT 
MeCTa 3aJ@KH, IpH pacuere NOWIMNHHKa €€ MOXKHO HE YYHTbIBaTb. Kpome 
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‘MOMePe4HbIX CH Ha NOAWHOHUK JeHcTByeT Take NPOMOIbHad Harpyska P, 
ompenenseMas helicTBHEM TaBieHHA BOJbi p Ha npaseii (HWXKHHK) ToOpell 
NO JMUNHHKA, oe | | 


p=" (Di) p. —.  (V.82) 


YuutTpwan, ITO ceveHHe MOMMIMMHHKA MaJIO H3MeHAeCTCA 10 AJIHHE, eTO 
MOXKHO PaCCMATPHBaTb KaK OaKy MOCTOAHHOrO CeyYeHHA C MOMCHTOM HHep- 
uuu J. 

PaccmMaTpuBana nepBpiit BapHantT KOHCTpyKULHH nowuIMnHAKa (puc. V.33), 
pacKpbIBaA CTATHYeECKYIO ONpPeAeIHMOCTb KOHCTPYyKIMHH MH ONycKad 9JIeMeHTap- 









Dorp WI IZLE. 


— 


prop: VL LLLLLLL 






fee 






Dy 


— 
Fy AA oO 





Puc. V.33. Tlogmunuux HanpaBsa10- Puc. V.34. TloqmunHuKk Hanp aBJisatio- 
mea JIOmaTKH c onopaMH Ha KOHUe uleH JIOMaTKH Cc KOHCOJIbIO 


HbIe BbIKaAKH, nosy 4HM cCeLyIouLHe hopmy Et ana peakinu R na onope O 
H JIA M3rHOaioulu4X MOMeHTOB B ceueHuax A u B: 
R= Rze —T; 
M, = Rz la—e(a+ brat b); | (V.83) 
Mz = Rb = (Rye —T) 6, 
rye | 
_. @& (a+ 1,58) - 
~ (a+b » | en 
—_ 3EI6 a (V.84) 
= at oy 


3Haa MomMeHTH! M, uh Mg u cuny P, MOXKHO HAaMTH MAKCHM@AbHbIe Halipse 
KCHHA B NOAMWMNHUKe: 


Ma ip 
OA Wi + Fy? 
_ Mp, PB oe -(V.85) 


re W,, Fi, Ws, Fs — MOMCHTbI CONPOTHBJICHHA HM NIOMaH cesenuh A uB 
COOTBeETCTBEHHO. 
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IIpornu6 nORMANHK B TOUKe B MOMHO HAaHTH NO dopmywe 


2 (1,5 2 
Ya = ga [Rea +P (2a + 36) |. (V.86) 


B pesysibTate llepememjeHua onoppl B pacueTHBIH 3a30p B NOAWHNHHKe C 


L+l, 
yMeHbUaeTCA Ha BeMIHHY Yg —j—- 


Jima Toro uTOObI KOMI€HCHPOBaTb 3TO YMeHBbUeEHHe, OKOHUATeIbHaA 
BeMUHHA 3a30pa B NOAWMNHUKE JIOMaTKH Ha Onope C jomkHa onpelenaTeca 


mo @opmysie 
A= Ay +ys—*, (V.87) 


rye Ay — ONTHMAJIbHEIM 3a30p, NOMyYeHHbIM BBILIe. | 
Jina BTOporo BapHaHTa KOHCTpyKuuH (puc. V.34) MonyyaioTca cmenyioulne 
(opMy Jbl: | 


R = Rep — N; 
= Rz ba — (a + 6)] — Na; | 
Mo = Rab; (V.88) 


Y= sa {Ral(1—w(a + 6° —3hpa—(a + 8) (a + 4)8 — 
—*pb?} +N [(@ + 6)* + 3a (a + 6)? + b}}, 
rye 


pHl+is—; | 
3EI8 (V.89) 


N=—3: 

OnpeneneHHE pH pacuere NOAMMNHNKa Nporu6 Y_ HCNOAb3yeTcA NMpH 
Ha3HaveHHH OKOHUATEIbHOH BeJIMYHHbI 3a30pa Ha BepxHeh onope HanpaBwa- 
lojeH JiomaTKH A (cM. BbIMIe OnpezeneHHe ONTHMaIbHOrO 3a30pa). 

Jia pacueTa IIMMJIeK CTBIKOBOrO COeHHeHHA NORMWHNHHKAa MOXKHO BOC- 
NOIb3OBaTbCA (OPMY/IaMH, NpPHBeJeHHbIMM JVI pacueTa CTBIKOBOTO coeHHe- 
HHA KpbIlweK YTHApOTypOWH; BMONHeE HAaeKHbIC Pe3yJIbTAaTbI MOryT ObITb 
NOJyUeHbI MpH HCNOJIb3SOBaHHH NpHOMH*KeHHOrO MeTOJa, B KOTOPOM @JlaHIbI 
PpacCMaTPHBaloTCA Kak aGCOMOTHO TBepybie Tena (CM. TaM 2Ke). 


9. JETAJIH MNPHBOXA HAMPABJIAIONIErO ANMMAPATA 
CocTaBHow pbiuar HanpaBisioulero annapata 


CoctaBHouw pbuar (puc. V. 39) COCTOHT H3 Tpex NeTaeH: pbrara, HaklaqKH 
M cpe3Horo MaJibplia. 


CpesHot nanen. Ycurwe Ha cpe3sHOM Mabie OyzeT paBHO 


Pip = “Ee , rye Pp= Psina. (V.90) 
cp —_ 





Snecb P onpeyzensetca no dopmyue (V.81la). | 

OG6bINHO CpPe3HbIe N4MbUbI H3TOTOBAIOTCA H3 cTanH 45. Y sTOH cTasH Cpes 
NPOHCXOZKT Np HanpsxeHHH o, = 4900+5600 K//cm?. TInomanab cpesHoro 
Naibia Oyler paBHa 


Fop = 2 


Cp 


(V.91) 
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/MameTpb menKu d,, 4 OTBepcTuA d, ONpeyeuAIOTCA H3 YCJIOBHA 





x (di, — 45) 
4 ee 
oTKy a | 
4F 
du= do +—?. (V.92) 
Aa noryyeHua wcToro cpe3a HeOo6xogzuMO uTO6HI d, H dy, CyILeCTBEHHO 
OTMHUaINCh pyr OT Apyra. Pekomeuyyetca BHiOupaTp a = 3, 
diy 










i, 


Z 


a 








NZ Bugeom 
\SIBS 








9 Unouxa 


c Yenox 1:100 


7 





y 






/, 
Puc. V.35. CocraBHo pbtuar HanpaBasio- 
wei jlonaTKH Saknadnaa yacme 





& 






IIpu KoHCTpyHpOBaHHH Nasblla cuemyeT cTpeMUTECA K TOMY, UTOOLI ero 
qMaMeTp Ob He MeHbIMe NOMOBHHEI JVIMHEI, T. e. 


d, >> 0,51,. 


luisa sToro Ha Nasbue jlemaor meky WHaMeTpoM d,,, a BHYTPH Masel, BEI- 
CBepJHBaloT WO WHaMeTpa d,. 

IIpH H3rOTOBIeHHH CpesHOTO MaJIbia cleqyeT TOYHO BbIAepXKHBaTb BCe 
pasMepbl, Tak Kak J\MaMeTpbI meHKH MH OTBEPCTHA BJIHMAIOT Ha BEJIMYHHY YCHJIHA 
cpe3a, a HapyXKHbIii WMaMeTp — Ha TOWHOCTh CONPAKeHHA B pbluare WH Ha- 
Klake. Ecnu cpesHoH name BOHAeT B OTBepcTHe C OO/JIbIIIMM 3a30Pp0M, TO 
MOXKET H3MCHHTECA He TOJIbKO ycuive cpe3a, HO HM xapakTep AedopmManni — 
BMeCTO cpe3a NOABHTCA Uu3ru6. 

Tlepey, H3roTOBJIeCHHeM MabileB LA TypOHH ClexyeT 43 STOO *%Ke MaTepHana 
M3rOTOBUTb HECKOJIbKO MOJOOHBIX MaJIbleB H HCIbITaTh HX Ha cpe3sHoe ycuuue. 
Eciw JeHCTBHTeAbHOe CpesHoe ycuHe OyseT OTMMUATECA, TO HAO H3MCHHTb 
quametTp wenku. I I[po6upie naJblibl CeqyeT H3TOTOBHTb H3 Ppa3HbIX Me€CT OJHOTO 
npyTKa. 

Haknayxa. Haxnagky (puc. V.35) BLINOMHAIOT H3 cTanH Cr.3. Ee paccuH- 
THBaloT Ha pacTaxKeHve B ceyeHuH J—J (no JIaM9) 

Py t+ at 9 
1 = Samat (V.9 ) 
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Ha u3rH6 B ceyennn JJ—II 


a= Pe Up — Feo) 
°o1) =" h (BS — a) 5; (V.94) 


Ha pacTaxeHue (no JIlam9) B ceyvennu ///—IT] 


| 2 d, \?2 
op, + () 
O27; ; = — dy ° 9 d\2 ? (V.95) 
Qh o—(—+ : | 
yh (3) 
rye P, = Pip — Pp. 
Puuar. Paar Benonusor u3 cramu 30J1 2 paccuHTHIBaeTcA Ha pacTs- 
meHHe B ceuyeHuH JJ/—IJJ (no JIaM9) 


2 dn 2 
Pep + (3) 











C11 = th (an \? (V.96) 
2 hy 3 — (4) 
Ha u3rH6 B ceyenuanx [V—JV un V—V 
__ —Peply __- Pepbe - 
05 ;y = i, Bay . Cov = Be (V.97) 


Mowmest, cxpy4uBaionini pbruar, OyfeT paBeH . 
Mxp — Pool. 


Hanpsxenua Kpyyenus B ceyvenHax [V—/JV u V—V u B cepéqune JJIMHHOK 
CTOPOHbI Ce€YCHHA COCTAaBJAIOT: 


o __ Pepl ; 
No a Bryhy 
a — _ Pool (V.98) 
va ae 
a, Byh? 


B cepequHe KOpOTKOH CTOPOHbI ce“eHHA HalpsaxeHuA OyzyT: 


—— Pepl Pepl | 
ty.=—e og = . (V.99} 
© MB yh * © &Byhy 





IIpupeyeHHbie HalnpAxKeHHa: 
2 2. 
Onpry = V Srv + avy 


] / G2 2 
Onpy = Oy + Avy ° 


Koadbuunentst @, HG» AA ONpeleneHud MOMeEHTOB COMPOTHBAeHHA TIpH 
Kpy¥eHHH MpAMOYFOAbHOrO ceyeHHA aH B Tabs. V.5. 


(V.100) 


Ta6nuna V.5 


S3aBHcuMoctTbh KoOs@PHUNeEHTOR G@, H GQ. OT OTHOMeHHA B/h 


6,0 : 8,0 100 CO 


























1,0 | 1,2 3,0 





B/h 15 | 1,75} 2,0 | 25 4,0 | 5,0 


Gy | 0,208 | 0,219 | 0,231 | 0,239 | 0,246 0.258 | 0,267/0,282 [0,291 | 0,299] 0,307| 0,319| 0,333 


a | 1,0 | 0,93 | 0,86 | 0,82 | 0,79 | 0,77 | 0,75 | 0,74| 0,74 | 0,74| 0,74 | 0,74 _ 
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Hanpsxenune pactaKeHus (no JIama) B ceyennu []]—II] paspuo~- 


Pp, ba + (0,50)? 
0. —F . 
2111 “dH * 92 — (5d)? ’ 


| le 
IInouka pbluara usroraBiuBaeTca us cTamH 45 u paccauTEBaeren Ha cpes 
HW CMATHE 


(V.101) 


rye 


Pp 2lp - | ne 
Pd a 2P olp | | 
of = alee, He (V.102) 
rye l, — qiuHa pbuara; 
24 — UACAO IWNOHOK; | 
d., — HuaMeTp KpyrsioH ITOHKH; 


L, — JIHHa UIMOHKH; 
d — MaMeTp OTBepcTHA B prquare. 
HanpsaxeHHA CMATHA B WMNOHKE COCTAaBJIAIOT 
_. _ 4Polp | : 
Ony — Zulusdd ° (V. 103) 
Jia CoeqMHeHHA PbIMara c Lando HanpaBsAlolWleH AomaTKH NpHMeHAeTCA 
UWIHHApHyecKad COCTaBHaA 10 MpOJONbHOH OCH WNOHKH (pHc. V.35). IIo Ha- 
PyKHOH MOBepXHOCTH KaxKaa U3 TByXx yacTelt OOpasyeT 4acTb MpaBHJIbHOH 
HWIHHAPHueckOH MOBepXHOCTH d,,. Sakiaquaa W 3a64BHad WNOHKH compn- 
KacaloTca 110 HaKJOHHOK maockocTu c yKsoHOM | : 100, 4Tro o6ecneunBaeT 
HaTAr M HalpsAxKeHHOe coequHeHHe JeTanen Onaronaps ykuouy. [InocKocTb 
pa3sbeMa IWNOHKH fOWKHA pacnoaraTeca 10 panvasbHOmy - HalpaBJIeHHIO 
Wan@pl. 


CoctaBHas ceppra 


CocTaBHaga ceppra (puc. V.36) npuMeHaeTcaA JIA NPMBOTA HanpaBAIOMLero 
alilapatTa, HMeIOULerO JIOMKOe COeHHeHHE B BHC Cpe3HOro NaJiblla Ha COCTAB- 
HOM pbiuare. CocTaBHaa cepbra COCTONT H3 AByX BHJIOK, AByX NabileB, CTAKKH 
Cc NpaBon uv JeBoH pe3Bb6oH WH ABYyYX KOHTpraek. 

Marepuasiom BHJIKH cayxKUT cTanb 30JI. Busika paccuHTbIBaeTcaA Ha CMA- 
THe B MecTe NOCaZKH Mablla 


ee 
. Ocy = d,hy+ doh, | (V.104) 

M Ha pacTaxKenne B ceyenuun /—I 
C= SRD _ (V.105) 


H B ceuennu JI—IJ (no JIsms) 


_ _?P R+r | a 
Oe Dah, RFP | (V.106) 


Pesn6a BHJIKH, BLINOJHeCHHOH H3 cTanH 25, paccuHTbIBaeTCA Ha Cpe3 BHTKOB 
t=—: 

a mpHd, ; 

Ha H3rHO BHTKOB | 


_ 3P (dp — de) . | | 
Oc = ——onp?Sd,H . | an (V.107) 


we 
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Ha CMATHe BHTKOB 
P 


Tt H 
(4-45) > 


rie dg — BHYTPeHHHHM AHaMeTp pesbOnl; 
dy — HapyXHbIM WMaMeTp pe3sbOnt; 
S — war pesp6n; 
B — Kosdounnent mpodusnA pespOnl; Avia MeTpH4ecKOH pesbOnr PB = 


’ ’ 
H— BbICOTa ravKH. 
Haney 
Bunka 
¢ Koxmpeauxa 


stymaitm ly Ai iii, 
Se 
cpp eS 





= 

a. 

eal 
I 


Puc. V.36. CocrapHaa cepbra 





Hanpsxkene cxKaTHA CTAKKH B Hape3SaHHOH YacTH 


0, = —> - 
2 nd 


t 
Tlaneu BHIKH paCC4uHTBIBaeTCA Ha H3rH6 
P ( ho-+hy hs 





_ 2 2 47 4P (hy + 2h,) 
o = a =e (V.108) 
| 32 
HM Ha cpe3 : 
4 P P 
T= -—-: — 0,85 “> ° 
3 2nd? d? 


10. PETYJIHPYIOWEE KOJIBLO 


PeryHpyromlee KOJIbILO ABJIACTCA 3BCHOM MC€XAHH3Ma TIOBOpOTa JOMaTOK 
HanpaBsAiowlero alnmapata HW CAYKHT WIA Mepeqaww ycHAHH OT CepBOMOTOpa 
K JIONaTKaM. 

Peryaupyromlee KOIbIIO NpescTaBaeT COOOM KOMbIEBYyIO eTaIb, CMOHTH- 
pOBaHHylo Ha KpbilllKke TypOHHbI Ha COOTBeTCTBy1oOWeH Onope. CrenyeT pa3- 
AHUAaTb KOHCTPYKUHH KOJell, NOMepeuHble CeYeHHA KOTOPHIX HMECIOT OTKPBITHIN 
HIM 3aKPbITHIH (KopoO6uaThm) npoduss. Panbpuie MpHMeHAMHCh TOJbKO JHTHIC 
KOJIbILa OTKPbITOTO pou, B HaCTOAMee BPeMA Yale HCNOJIbSYIOT CBapHbie 
KOIbWa 3akKpbiToro npodusa. IipH pacuere peryMpyliowlHx Koel OTKPHITOFO 
Ipomusa OO6aA3ZaTeIbHO CJleyeT yYUThIBaTh CTeCHeHHe KPy4eHHA, B TO BpeMA 
Kak JWIA KOMelL 3aKpbiToro (Tpy6yuaToro) npodusa CTeCHeHHOCTh Kpy4eHHA 
MOXKHO He YUHTHIBATb. 
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CyecTByrollve B HacToamjee BpeMA CMOCOOLI pacyeTa perysUupyioulHx 
KOJe€ll THAPOTypOHH -HE YUHTbIBAIOT PAA CYUIECTBCHHbIX (aKTOPOB: CTeCHeH- 
HOCTb Kpy4eHHA, PasH4He B paooTe y4acTKOB KOJIbIla OTKPBITOFO H 3aKPBITOTO 
Mpodpuia, PaBHOMepHoe CKPyYHBaHHe KoOJIblla, paOoTy CTHIKOBOrO coeqH- 
HeHHA HT. A. Kpome Toro, OHH He NO3BOJAIOT ONPeeJIHTL yNpyrux mepemeire- 
HHH KObILa, 6€3 Vero HEBOSMOKHO NPOKH3SBOAHTb pacieT KOJIbILAa HA KECTKOCTb. 

Huxe' npwBomuTcA paspa6oTaHHbik 
B IIKTH um. UH. UU. Monsyxnosa [7] cnoco6 
pacueTa peryJIMpyIolwlMx KOJel Ha MpOuHOCTb 
H XKeECTKOCTh C y¥eTOM YKa3aHHbIX BBILEe 
akTOpos. 


PacueT perynMpyloulero Kouba 
OTKPBITOrO Npomusisa 


Cxema nonepeyHoro ceyveHHA KOwbIa H 
Je@HCTBYIOWHX Ha Hero Harpy30K Npeycta- 
BeHa Ha puc. V.37, rae Po» — CHJIbI CO 
CTOPOHbI Ce€PBOMOTOPOB'- HallpaBJIAIOWlero 
alnapaTa, p — CHJIbl OT ceper HallpaBviAlo- 
UX JONATOK. 

Uncno cun PP.» paBHO 4HCJTyY CepBOMOTO- 
pOB fl, Ip STOM AVIA TIpOCTOTbI MOXKHO IIpH- 
HHMaTb B pacueT cpeqHee 3Ha¥eHHe P,p = — 

P cp +P cp 
Qt 

BBugy Toro, 4TO 4YMCNO Ceper BeJINKO, 
CHJIbI P MOKHO PaCCMaTPHBaTb KaK PpaBHO- 
MepHoO paciipewesieHHy!lo Harpy3ky, HHTeH- 
CHBHOCTh KOTOPOH onpeyesaetcH H3 yCcJIO- 
BHA PaBHOBeCHA KOVJIbILa, | 





Puc. V.37. Cxema peryaupyronmero 
p= Pep ye (V.109) — KONbIa OTKPbITOrO THIa 
a a'ricos @ | | | 


C Iesb10 yipomenua pacuera 6yleM CUHTATh TakxKe, 4TO ¥ = O, 7, =F, 
rye f — payuyc OceBOH JIMHHM KOJbIla, MpOXo_AMeH Yepe3s WeHTPbI TAKECTH 
NonepeyHbix ceueHHuH. 

B pa6ote [7] BrBenzenb! dopMyJIbI WIA youn wu ynpyrux nepememenui 
KOJIbILa JWI CAyYaA AByX CepBoMOTOpOB. OG6o6ulan STH *OpMyYVJIbI Ha cay4al 
NPpOHSBOJIbHOrO UHCNa M CepBOMOTOPOB NOAYYHM CeAyIOWLHe BbIPaKeHHA VIA 
yCHJIMH HW MepemellleHHH: 


N= 0,5P.o( _ Sin a 


sin @ 








M.=Qr— 0,5, “cosa 








sin a* ° 
M, = —0,5M%, eS + mar; 
| | ) (V.110) 
_ sin @ r a xy, 
M, = 0,5 Pept (5-2-4 )- Jy ? 
ee | 
42 } ' . 
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Uy = —pyrdy + | (QrRe — Qyks) r+ Meks| “ —— 


Pepr kor te 9 
~ sere (Fat = My -F : a) 3 





: G k | 2h — k | 
y= Gath — Ma ay + Ore <3 ( a — Oe hat 
k 2+ %2) A R | 
+ Qyr* | ot a + kepiah + - 
kits : Pooke (V.110) 
+ Mer | Saye — het] +} Gee rari | a 
Rye k k 
Ge — Gea — MP a — 8 fae + OE re + 
| — (2+ #2) | 
+ Qyr | ee 2 + hae —Ai) + 
kat Popk 2 
+ Mz atte — Botte + hada | — fa Palla + me EI’ 
rye N— HOpMaIbHaA CHa B C@€YCHHH KOVJIbILa; 
Q.; Q, — MonepeyHble CHIBI; 
M, — KPYTAULHH MOMEHT; — 
M,; M, — usrnOarolulue MOMEHTEL OTHOCHTeEJIbHO OceH x HY; 


B ~—— OHMOMEHT; 


M — moment yuctoro (cBo6ogqHoro) Kpy4eHug; 
Ux; Uy — ypyrve MepemellleHHa OceBOH JIMHHH KOVJIbILa; 
~, — yron Tlopopota (3akKpy4HBaHHA) ceueHHA KOVIbILa. 

Munekcnl x, y, 2 O603HadaIOT KOMMOHEHTHI YCHJINA HW NepemMelleHHii 10 COOT- 
BCTCTBYIOINMM OCAM (pHc. 37); Ha TOM 2%Ke PHCyHKe H300paxKeHb! rviaBHble 
ICHTPaJIbHble ocH ceyeHua yn, $, COCTAaBJIAIOWHe C OCHMH xX, y YIOU ¥. 

Vunexc 0 o603HauaeT NPHHaTeKHOCTh COOTBETCTBYIOMNerO YCHIHA HAH 
nepeMenleHHuA K HataIbHOMy ceyeHHIO O ua puc. V.37. Stu ycuMa H Nepememe- 
HHA MpHHATO Ha3bIBaTb HAaWYaIbHLIMH WapaMeTpaMH. 

TlonoxeHve NpOHSBOJIbHOrO ceyeHuaA puc. V.37, a onpedeaeTcA WeHTpaJb- 
HbIM YIJIOM @, OTCUHTHIBACMbIM NO WaCOBOH CTpeiKe OT HaYaNbHOrO ceueHHaA O. 


at 
Yron a* = —- onpeleiseT ceveHHA, B KOTOpBIX NPHJOXKEHEI CHVIbI Pop. 


Kpome cua P.,, Ha KOAbUO eHCTBYIOT Takxe cuIelyioujve Harpy3Ku, 
BOSHHKAaIOIve Tp MpHBeJeHHH CHI K OCeBOH JIMHHH KOJIbIa: 





COCpeOTOUCHHHIN MOMeEHT MN, = — Pf; 
» » My = Pop (2 — 1); 
| ” __ Pep es tg 6 
paclipezeneHHbi > mM, = Sa (V.111) 


cocpenzoToueHHpih 6uMOMeHT OD, = Ppp@qp; 


9 o* r2 Wp; 





- . p ; 
paciipejeeHHbii » b= — ice, 


rie 7, € — paccTOAHHA OT NocKocTeH JelicTBHA cH P., H p WO MWIOCKOCTH 
Kolbua (pac. V.37); 
®p — CEKTOPHaIbHan KOOPAHHaTa TOWeK NPHJOKeHHA PacnpeseneH- 
HOH CHAI p; 
®,p — CCKTOPHaIbHad KOOPAuHaTa TO“eK MpHomenuA cua P,p. 
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MoMeHTHI H YrvIbl MOBOPOTA CYMTAIOTCA NOJOMKUTEJIbHbIMH, CCIM IPH B3rviAagze 
CO CTOPOHBI MOJOMHTCIbHEIX 3HAYCHHH X, Y H Z UX HanpaBseHHe CooT- 
BETCTByeT BpallleHHIO TIO YaCOBOH cTpelke (MpaBHusO NeBOrTO BHHTA). — 

B dopmyiax (V.110) ucnonp3yiotca cnenyroujne DY HKU, IPC AJIOMKeCHHEIE 
K. A. Kutopepom uw B. A. BepkmanHom: _ 


Ap = COSG, Ay = Sina, A,=1—Ay, Ag= aA—A, —— a —Av, 


dy, = —- & — Ags Wy = Ag + OAc, Py = @A,, Hy = Ay — AA, 
L3= 2h. — Mi, Bg = 2hg— fo, My = 2d — Ds; 


Ey=ushua, E=chua, R=, = Mf (V.112) 


} 











sh h 
baa b= a 
f= Got Mas 1 Bre E> = §&—A,, 3 = bs + Ao, 
| = & + Ay. | J 


Bxomsimue # B PopMyJEI Vv. 110) u Vv. 112) mapamerpt ompexzemsioTca No dop- 
MyJIaM: 





k — tly . k= rd x . 
E (Sly — Jey) E (Jdy— Fay) 
kez ——Tiy wpe 
3 E(JJy— 2) ? 4 Ely? (V.113) 
yt pp Gla dp a (I 
Elg 20 +p)Jo’ 2(1-+%*) ’ 


rie J,, J,, J,,— OCeBLIe HW. WeHTpOOeKHbIH MOMECHTLI HHeEpwHH CceweHHA 
KOJIbILa; 
Iq — Teomerpwueckuh PakTOp 2*XKeCTKOCTH npu 4HCTOM Kpy4e- 
HHH CTepKHA; 
J — C€KTOPHAaIbHLI MOMCHT HHepwHH CeyeHHA, 


la= > Bib io. - (V.113a) 


Snech B, = (4 ~3-| — TaOIHUHbIM KosppulHeHT. 


IIpu annum CHJIbHO BbITAHYTHIX Momoc (b; >> 6;) MOxHO MOJIb3OBaTECA 
NpH6OmMxKeHHON dopMy.10n 


=+Y 68. (V.1136) 
SHaveHHA HavaIbHbIX MapaMeTPOB Q, Qi, ... ONpPeenAIOTCA WyTeM pac- 


KPHITHA CTaTHuecKOH HeompeneMMOcTH KONbIa. Ts HX TNOMYYeHb! Cileqy- 
jollve BbIpaxKeHuA: | 


Pep [1 l om\. 0 70. Me. 
Qe = 2” (Gre r)) Mz= Qyr 21,” 
_— A 
MVM — on Q=>; 
MP Ag + Q°Ay + Q8rAy + M2Ag — bg — Pep Aro): 


Oo Ns Ho 
Py = i | (thar ont \ PavAs ’ 








(V.114) 











8. 
= 
Naum oO SE AO 
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rye 
} 





2 * 
A= = &0 (As + Ag + Az + As) — = (A; + Ae)’ 
Aw = ar (Ay + Ay + Az + Ay) + .—G™ (A, + Ad); 


Ag = = Ende + (Ay + As) M1 





a= — 2h, T+? 2 
Wey | F | . 
. a= tae (A, ++ As) +6 (—TA; + Ay); 
1 | 
__ helo _ Rg =*, 
A= aw > Ag = -> ria; 
ky [BFC] ke oe pee, 
As pay a Bt (V.115) 
kyes : | 
As= Tye — Astle’ 
A hy (@" +2225 — 8) 
5 “2 (1 + x?) ’ 
hye, 
— As= sar Fey? 
k, [E5 —(2+ x?) a, ‘ . 
A; = Ale C4) aL ++ Rsbbo — Aida; 
Ag = fg — Riad 
8 = Tp so — Rimi, 
R48. | oft heofophy 
A= Aways Au = 3h. 


Majekc * o3HadaeT, 4YTO COOTBETCTBYIOWaA (yYHKWUA BbIMHCAAeTCA NpH 
__ * * * 
2 =a". IIpu aByx H YeTHIpex cepBomMoTOpax *yHKWHH A, H pW, HMeIOT 3Hate- 
HHA, yKa3aHubie B Tabu. V.6. 
Ta6auna V6 


Snayenua yHKyHh Me H M; 


. ¥ 


* * 
Ag Ag Uy 























2/0] 1 | 1 | 0,57 ! 1,57 0,43 | 0,14 
4 | 0,707| 0,707 |'0,293| 0,078 | 0,28 | 0,555 | 0,152 | 0,031 | 0,004 





PacueT Ha npounocth. Jia pacueTa Ha NPOUHOCTb Hao ONpeseMHTb Onac- 
Hble CCUCHHA KOJIbILa, HAaHTH yCHJIMA B ONMaCHbIX CeYCHHAX, BbIYHCJIHTb Halips- 
2KCHHA B OTJCJIbHbIX. TOUKAX Ce4eHHH, HaHTH pacueTHble HanNpaAxKeHHA HU 
CPpaBHHTb HX C JOlycKaeMbIM HallpAxKeHHeM JIA MaTepHata Kouba. Jaa 
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TOFO 4TOOLI ONPeeHTb ONACHble CeYeHHA, CeLyeT NOCTPOHThb SMIOPhI ycuAHH 
B KOJIbUe. OnHakoO HEKOTOpble H3 yKa3aHHbIX CeYeEHHH MOMKHO HAaHTH, He pH 
Oeran K NocTpoeHnio amiop. Takux ceveHuit YeTEIpe: a—a, a’—a’, 6—6 u 6’—6’ 
(puc. V.37). pw nomouyw dopmya (V.110) HaxoquM ycnmsa B STHX CeYeHHAX! 





r : 
ceueHHe a—a | np a = Gy = arccos ( ae sina*) | ; 








N = 0,5Pz» (— 2% + 2 tg 6); 


sin a* a*r 


0 COS Go 
Mz = Qyr —0,5M, nar? 


(V.116) 





M, = —0,5m, S22” + mr; 


sin a* 





_ SiN Q@ fr, a a oxy. 
M, = 0,5P pr (SE Se — 42. 2) — mr . 


ceyeHne a’—a’ (npH a = —2’): 








N = 0,5Pzp (SE St + 


sin a* 


lo . 
a*r ig 0) ? 
M, = Qyr — 0,5Myx = = ) 


sin @ | (V.117) 
‘sin a mr; 








M, = 0,5®, 











nae Sin Qo fr, a0 Jey, 
M, = 0,5P pr (-~ SH Oo 4 fe, ) — mr 


ceyenne 6—O (npH a = a*): 





N = 0,5P2p(—1 +2. tg 6); 


M, = Qyr—0,5m, ctg a*; 
M, = —0,5m, + m,r; 
M, = 0,5Pepr (1-2) — mr; 


(V.118) 





Jy? 


ceyenne 6’—6’ (npH a = —a*): 





a*r 


N =0,5Pe)(1 +2 tg 0) ; 


M, = Qor — 0,5M, ctg a*; 
M, = 0,9mM, + mr; . 
J x 
M, = 0,5Pepr (— ] +2} — M,F 7, . 


(V.119) 





OcTasipHble OMaCcHble CeYeHHA KOJIbILa YCTaHaBJIMBalOTCA WyTeM TOcTpoe- 


Hun smiop B u M no dopmyaam (V.110). 
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Ilocne onmpeyeneHua ycuaHi BhIMMCIAIOTCA HOpPM@JIbHbIe WH KaCaTeJIbHble 


HalpsxKeHna. HopMadbHple HaNpAKeHUA OpeeAIOT MO H3BeECTHO opmyule 
B. 3. Baacospa [15]. 


: M Me | | 
o = + —F 1+ = (V.120) 


re Ff; J,; Je — NIOUalb WH OCeBbIe MOMeHTHI uneput CeueHHA OTHOCH- 
TCbHO TJIABHbIX IWeCHTPaMbHbIX oOceH n, §&; 
@® — rlaBHan CeKTOpHaIbHad KOOpAMHaTa TOUKH ceyeHHA [15]; 
, M, — usru6aioulve MOMeHTHI OTHOCHTeAbHO rlaBHbIX WeHTpaJb- 
HbIX OCelH CeYeHHA, ONpeweiAeMbIX NO POopMyviaM: 


M, = M, cosy + M, sin y; ! 
M, = —M, sin y + M, cos y. 


Syecbh y — yrou, XapaKTepH3yIOWMH NOMOKeHHE TMABHIX WeHTPaJIbHbIX 
ocei (pwc. V.37). 

KacaTeJIbHble HallpsAxKeHHA 4HCTOLO (CBOGOJHOrO) Kpy4eHHA ONPeMeAIOTCH 
m0 (opMyvlaM CONPOTHBJICHHA MaTepHauos. B wacTHOCTH, JIA ceyeHHH, co- 
CTOAMLHX H3 Nosoc WupHHOH 6b; MU TOMUHHOH 6;, MAKCHMA@JIbHOe HalprxKeHHe 
B KaxKOH H3 MOJOC MOAKHO BHIMHCIUTb NO Popmyse . 

t= 5. 6, (V.122) 
rie 7, ompefzensetca 0 cbopmyuye (V.113a) nau (V.1136). 

Kpome Halps2KeHHii T B TOHKOCTEHHBIX CTEP2KHAX BO3HHKAIOT TAKE BTO- 

PHUHbIe KacaTeJIbHble HAlpxAXKCHHA CTeCHEHHOTO KPYyYeCHHA T 


__ MS 
T= es | (V.123) 


rye S,, — ceKTOpHabHbIh CTaTHYeCKHH MOMeHT B paCCMaTPpHBaeMOH TOUKe 
—ceyenua [15]. 

Tlocae onpeyeieHua HalpsxKeHHh no dopmyviam (V.120), (V.122), (V.123) 

B pale oOmacHbIX TOYVeK NpPOWSBOAHTCA NpoBepkKa NpoyHoctTu no IV tTeopun 

MpOuHocTH ) 


M, 


(V.121) 





=Vo tse <[ol, — (V.124) 
rme [o] — oryckaemoe wanpsaxenne WIA MaTepHadla peryJMpyioulero KOTbILA; 
T=T4T. : (V.125) 


PacueT Ha xecTKOCTb. B pe3yibTaTe JeHCTBHA Harpy30K OCb peryJIHpylo- 
wero KOJIbILa NpeBpallaeTcA B CJIOKHYIO IpOCTpaHcTBeHHy!O KpHBywo. Kom- 
NOHEHTHI MepeMeleHHH s1O60ro0 CeYeHHA MOKHO OpeeHTh NO PopMy1aM 
(V.110). Oquako Han6onbulMH HHTepec NpescTaBsAeT PayqHasbHoe Mepemellle- 
HHe TOYeK KOJIbILa, COMpHKaCalowlHXCA C ero ONOPOH, u°”. ITO CBA3AaHO C TeM, 
uTO 3a30p A MexK AY KOJbILOM H eFO ONOpOH OKeH ObITh BLIOPaH TaKuM, 
uTOObI OH He 3aKpbIBaICA pH FedpopMawHAX KOJbIUa. [losTOMYy ycuOBHe *KeCT- 
KOCTH JWIA peryHpylowWero KOAbWLa MOXKHO NpefcTaBuTb B BHe 


ur < A. (V.126) 
PajMantbHoe nepememleHve U2" onpefenseTcA mo dopmyse 
us? =u, — 9, (y°* —Y,), (V.127) 
re y°" — KOOPMHaTa TOUeK ONOPHOM NOBePXHOCTH KOJbILA; 


u,, QP, — KOMMOHEHTHI NepeMelleHHH OCeBOH JIMHHH KOJIbILa, Ompenesae- 
7 - mble 10 Popmysam (V.110); 
y, — KOOpAuHaTa WeHTpa u3ru6a ceveHHA KOJIbILa. 
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Ecau ycsnosue (V.126) He BHINOIHAeTCA, TO 3TO O3HAUaeT, 4TO 3a30p A 
3AKPbIBaeTCA H MeKAY KOJbILOM H ero ONOPOH BO3SHHKaeT TOPH3SOHTAJIbHO 
HalpaBleHHan peakuuA. BcaencrBHe 3Toro Npv NoBopoTe KOIblLa HMeeT 
MeCTO JIOTOJIHHTeJIbHaA CHa TpeHHA, UTO NPHBOAMT K yBeIH4eHHIO HeEOOxo- 
JMMOrO YCHJIMA CepBOMOTOPAa H B HEKOTOPHIX CJ1y4aAX MOXKET IIPHBeCTH K 3a- 
KJIMHHBaHHIO peryJupylcilero KOUIbILa. 


PacueT peryaHpylowero KOJbWa 3akpbiTOrO npodussa 


CxemMa KOJIbILa H JeCHCTBYIOULMX Ha Hero Harpy30K pefcTaBlleHa Ha 
puc. V.38. Kak yxe yKa3bIBanocb BbIWe, pacueT TAKHX KOJIEIL MOKET MpPOHs- 
BOJMTbCA 6€3 yueTa CTECHEHHOCTH KPYYCHHA; HCKJIOUCHHE-COCTABJAIOT JIMLIb 
yuacTKH KOJbILa OTKPbITOrO nmpoduss, : - | 
NpHMbIKalolllHe K CTbIKOBbIM COC AHHEHHAM ~~ 
OTJCIbHbIX VacTeH KONbUAa. POPMYVJIbI WIA 
ycHIHH HW yNpyrux nepemMelleHHH Takoro 
KOJIbILAa MMeCIOT BHI: 


N= 0,5Pip(——rae + 









WO 
Yt 


4G 


























+2 tge). A OY 

a*r g ’ NN 
iL LLL) Chat lll se.GSS 

1 COS & 
M. = 0.5 ( ~ 82.) , Te 
z QO, My o* sin a* 3 | 
sin @ 
M, = 0,9M, sin a* -|- Mm. ; 


M, = 0,5Papr (PS — 








sin a*. (V.128) 
_ 2. ,_&% \ Jey. 
r =) | mf J > 
| Mrksre , 
— _ _ Wexk3le 
u.=— pyr h, a a 
4. Pep [Rat (be _o te As\ 7 
2 2 Moos a} 
| retgO 7]. 
 QtEF ’ Puc. V.38. Cxema Harpy30K Ha peryJiH- 
| pyloulee KOJIbILO 3aKpbITOrO THNa 
Mer Rod RioM 
Pion | a _ | _ 
a, . 2 1 
__ Pepkgr* Ue __ 92. Az . 
| 4 | Ae r at }? 
9, = — @h 4 pitas hg hghy __ rope 4 (V.128) 
2 * 1 —Q May ~ oa 





1 Pepksr [pe ro Ag r? 
4 ( - page | + me ETS } 
rye 


ky = ir? ky = te. (V.19) 
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Bblunciad reoMerpHyeckHH (pakTOp %XecTKOCTH CeYeHHA Tp YHCTOM 
Kpyyeuun /,, cweqyeT HMeTb B BUHAY, YTO Ce4YEHHA HapAy c y4acTKaMH 3a- 
KPBITOrO (3AMKHYTOLO) MpoOwuJlA MMeIOT TaK2%Ke WH YUACTKH OTKPbITOrO NpomuaA. 
Ecu1m uMeeTcH Ba y4acTKa OTKPbITOrO Npodusia (Han6oee pacnpocTpaHeHHbii 
cryuah), TO /, onpetenaeTca mo dopmyvie 


l,g= lo tl, t+ ls, (V.129a) 


622 “ , 
rye lo = — reoMeTpHuecKHH (pakTOp KeCTKOCTH JIA 3aKPbITOH 


OF yacTH npopbusa (02? — YABOCHHaA NOUalb, OrpaHu- 
yeHHaw CpeqHeH JMHHeEH CTeCHOK 3aKPbITOH 4YacTH Mpo- 
(buna; 6 — ToNMNMHa CTeCHKH 3aKPbITOH wacTH Ipo- 
(pus; ds — 3JI@EMEHT JWIMHbI CpeHeH JIMHHM 3aKpbITOH 

uacTH Npoduis); 





— | 793 
fi = 37 1,6; 
7, = + p93 [ TO Ke JIA OTKPLITOH yacTH mpoduaa (/,, /. — AWIMHbI 
2 = 3 '202 yuacTKOB OTKpbiToro mpodusa; 6,, 5, — TO/IIHHbI 


yuacTKOB OTKpbITOrO mpodua). 


Muterpaa OF OepeTca NO BCeMy KOHTYypy 3aKpbITOH 4acTH npodus. 


PacueTbl NOKa3bIBaloT, ITO ClaraembIMH /, H J, OObI4HO MOMKHO MpeHedpeub 
No cpaBHeHnio c /y9. Torja nonyauM NpHOaAMKeHHy!0 Popmyly 


I, 7 1h». 


Hauabybie napameTpb @) u @) onpesxermiotca 0 dopmyviam: 





o__ _Peprks | Po re Bot iy Lm Rog oho 
x” An* 4° r o* x ona" 94% > 
1 I 1 1 
—— (V.130) 
0 = —Peorks [M2 re Met Ms | __ op Ratta : 
y ar lA Or Oe ane 


Jina pacueTa Ha MpOuHOCTbh Halo ONpeMeHTh yCuIHe B YeTbIPeX OMACHbIX 
ceyeHHax (puc. V.37): 


T, sin a . 
CedCHHe Q—a|NIpH @= &@y = arccos ; > ae ; 




















N=05P (— _SiN %o_ 8); V 
—— Ms cp o* $ 
_ 1 COS Hy \. 
M, = 0,5%y (3s 2%.) 
(V.131 
M, = —0,5m,—2 ae “Oe mr; 
_. SiN Ap _ fe %&\ Jxy | 
My = 0,0P opr ( sna* or at ) mee yr 
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ceuenne a’—a’ (npu a = —a,): 


N = 0,5P (2 Se SiN Qo 4+ 2. te) 


sin a* 


, ] COS & 
M,= 0,5. (Ge 58%.) 


sin op t (V.132) 


M,, = 0,5M + m,r; 


* sin a* 





sin @ r a J 
M, = 0,5Pepr ( —->S2- + 22. -25-) — mar SF ; 


sin a* r a* 


-ceyenue 6—6 (1pH @ = a*): 


N = 0,5Pip( —1 +72 -—-8>-), | 














ms 
l 
Me= 0,5: (ps ) (V.133) 
M, = —0,5mM, + m,7; 
M, = 0,5P opr ( —+) _- mr a ; 
ceuyeHHe 6’—6' (npu a = —a*): | 
N=0,5P.,(1+-2-82), | 


l 
M = 0,5M, —, —ctga* ; 
° (a ) (V.134) 
M, — 0,5M,, + my, 


My = 0,5Pepr (—1 + 2) — mr =. 





B oTuMune OT MPHHATHIX paHee CMOcO6oOB pacueTa NOcTpoenHe 9MOp ycHJIHH 
IIpOH3SBOAHTb He TpedyeTca. 

SameTuM, uTo opmysn (V.131)—(V.134) oTanuaiotca OT CcOOoTBeTCTBy- 
IOI X bopmy x1 (V.116)—(V.119) aaa kKoabya OTKpbITOrO NApodusaA AHUWIb 
BbIPaKeCHHAMH JIA KpyTaulero MomeHTa M,. 

OnacHbiMH MOryT OKa3aTbcA TakxKe ocnaOnenHEie ceueHHa Ha y4acTKax 
OTKPbITOrO NpOusA, MPHMbIKaIOWIHX K CTbIKaM MeKAY OTBEMHbIMH YaCTAMH 
KovIbiia (puc. V.38). YuacTKu OTKPHITOrO NpouiaA oO6pasyloTcA H3-3a HaH4HA 
B CT@HKAX KOJIbILA HPAMOYFOJIbHbIX BbIPe3OB, KOTOPble HeEOGXOJHMbI JIA TOrO, 
uTOObI OGecNeuWTbh AOCTYN K daHwaM. 

OG6bINHO CTBIKH pacnOvlaraioTcA B ceyeHHAX @ = QO, paBHOOTCTOAMIUX 
OT yWieH KOIbIla (OT TOUeK MpHOKeHHA CHA Pp). YcutUuA B STHX CCYCHHAX, 
cormacHo (V.128), onpegzenstoTca BbIpaxKeHHAMH: 


NO = 0,5 Ppp» “82; 


Mo” — 0.59, Sie a sina* —a* _ | 
Zz ~~ ™“s x 








 @* sin a* (V 135) 
M.” = mzr; oo 
Mg” = — mar 222. 
x J 


2t7 


Fcau yuecTb, 4TO HHA Bbipesa 1 = Br Bcerya Mala NO CpaBHeHHW C I, 
TO y4acTOK KobiLa / NpHOnmHxKeHHO MOXKHO pacCMaTPHBaTb KaK MTPAMOH, 
a YCHJIMA Ha 3TOM YUaCTKe, B TOM 4HCAe MH KpyTAUIHH MoMeHT M,, nocTOAHHbIMH 
HM paBHBIMH YCHJIHAM B cTBIKe (V.135). Tora MOKHO BOCNOAb3OBaTbCA FOTOBbIM 
pemienuem B. 3.’ Baacosa 2A Kpy4eHHA MpAMOFO CTePKHA MOCTOAHHbIM MO- 
meHTOM M, = const [15]. IIpu stom npopepky npouHocTH cwleqyeT mpoHs- 
BOXHTb B ABYX Ce€YCHHAX, COBMAaalolWwuxX C KOHWamMuM yuacTtKa I (pue. V.38). 
DopMyJIbl JIA YCHAHH B YKa3aHHbIX Ce4YCHHAX HMEIOT BHA: 

ceyeHHe c—c (pH a = Q): 


N=N™; My= Mz"; My= MG"; | 
__ agem, —oygem xB. (V.136) 
M=Mz; B= MM, mw Q? 








ceyenHe 0—O (npH a = B): 7 
N=N™; M,=M"; M,=M,;"; | 
M=Mo", B= —Mo" — th 2B (V.137) 
2° a x 2° 


OnpejzeieHue HanpaAxKeHHH U MpoBepKa MpoOuHOCTH Ha y4acTKaX KOuIbILa 
OTKPLITOrO NpopusA MpousBoyxuTca no dopmywiam (V.120)—(V.125). 

JA yUacTKOB KOJIbILa 3aKPbITOrO MpoduuA HOPMaJIbHbIe HallpAKeHHA 
onpefeaiotca Mo popmyuie (V.120), ecau nonoxuTb B Hew B = 0. MakcuMasb- 
Hoe 3HaYeHHe O B KaxKJOM H3 OMACHbIX Ce4YeHHH MOMKHO HaHTH nO dopmyue 

) M M 
Oimnax = += + T Eo — Te To» | (V.137a) 


rie § , No — KOOPAHHATHI OMacHOH TOUKH ceueHHA. 

OnacHaa TouKa onpeyzeineTcA KaK TOUKA, HaHOo/lee yaeHHaA OT Hei- 
TPaJIbHOH AHHHU ceyeHun. TlocnenHtor1o ywoOHee BCero CTPOHTb MO OTpe3KaM 
ad, HU a,, KOTOPble OHA OTCeKaeT Ha OCAX § H 9, 

N Jy N Je 


Ae == —— +s a = 
5 F My’ “0 Fo Me 
KacaTeJIbHble HalmpsAxKeHHA Ha ydacTKax KOJbWLa 3aKpbiToro MpodusA onpejje- 
JIAIOTCA TO copMy aM wisi KpyweHuar cTepaKHel cOCTaBHOTO CeYeHHA: 
IH 3aKpbITOH YacTH Nnpoduna 











_ Mo 
To ~— Q8 > 
JIA OTKPbITOH yacTH npodbuna 
Mo. Mz 
Ty — 7 01; Vo — ] 6,. 
1 | 2 


Kpytamue momentn My, M, u M, Bolpakaiorca vepes 1 NOWH BI KPyTAWLUH 
mMoMeHT M, 10 dopmMyviam: 


7 | I / 
My= 7° M,=M,; My=—) M, +) My 








la lo 
_ fe ay ~ fe 
TlonctaBnaa 9TH 3HaveHuA B (OpMYyJbI WIA T, WOy4HM: 
M Me «. 2 OM 
Ty = OS ; t= —~ 6 VT. = z 6. 
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Han6oupmee HalpaxeHve OObIYHO BOSHHKaeT B HaHOoslee TOHKHX CTeHKAaX 
3aKPbITOH “acTH Mpodusa 





M, | 
Tmax — Wp 9 (V.138) 
rye 
W xp — {20 nin? | 


Snecb Sain — MHHHM@JIbHaA TOJIMMHA CTCHKH 3aKPbITOH YacTH Mpopus. 

PacueT peryJupyiomlero KOMbila 3aKPbITOrO MpomusiA Ha MKeCTKOCTh Npo- 
H3BOAHTCA 10 PpopmMyviaM (V.126) u (V.127), T. e. Tak 2e, KaK pacueT KOMbILa 
OTKpbITOrO Npodusa. Pa3Mune COCTOHT AHUIb B TOM, UTO KOMMOHEHTHI yapy- 
rHX MepeMelleHHH u, H @, ONpesenAtoTCA NO MOpMyaMm JIA KOJIbwa 3aKpHI- 
Toro mpoduaa (V.128). 

[Ipeyctapaset HHTepeC CpaBHeHHe Pe3yJbTAaTOB pacueTos, NpousBeseHHbIX 
MO HOBOH H MO CTapoH MeTOHKaM (CM. TepBoe H3qaHHe HaCcTOAMeH KHHIH). 
Tak, Jd OHOH H3 paboTalollux TypOHH MO HOBOH MeTOAHKe NOJYYeHO MaKCH- 
MaJIbHOe pacueTHOe HalpAKeHHE B PeryJIHPYIOWIeM KOJIbUe 0, = 608 KI/cm?. 
Ilo crapoH MeTo_MKe, HE YUHTHIBAIOINeH PaOoTH! KOJIbILa Ha KPyYeHHe, MaKCH- 
MaJIbHOe PaCueTHOe HAallpAKeHHE COCTABAACT Op = 316 xI/cm?. Ecnu xe mpo- 
H3BECTH pacueT MO CTapoh MeTOAUKe, HO y4eCTh TaKxwKe MH KpyyeHne (6e3 yueTa 
CTECHCHHOCTH Kpy4¥eHHA), TO M@KCHMAaJIbHOe pacueTHOe HallpaAxKeHHe NOVy- 
yaetca O, = 2150 KI/cm?, uTO B 3,5 pa3a NpeBblaeT NOMyYeHHOe MO HOBO 
MeTOJIHKe. | 

Hanpsxkenne 2150 k//cm? npespiliiaer WomycKaeMoe JIA MaTepHada pery- 
JIMpyloulero KOJbILa, MOITOMY, eCJIH Obl OHO HMEJIO MECTO B .JCHCTBHTeCAbHOCTH, 
yKa3aHHoe perymupyromee | KOJIbILO HE MOTO Obl HOPMaJIbHO PyHKIMOHHpoO- 
BaTb. 


PacueT 60/ToB dianweBoro coeqHHeHHA 4acTen 
peryaHpylomero KODA 


BeseacTBue GobUIMxX Ta6apHTOB peryJINpyiollux KOel, HX OObIYHO COOH- 
paloT H3 AByX HIM OOJbUIero 4YHNCJIa YaCTeH, KOTOPhle IPH MOHTaxKe COCAHHAIOTCA 
Mexy co6oH Oomtamuv. Uae Bcero KOJIblLa COCTOAT H3 ABYX NONOBHH, pH 
STOM CTHIKH PaCcMONaraioTcA B THaMeTPasIbHOM MIOCKOCTH, cocTaBaiome 90° 
C MWJIOCKOCTbIO pacnoO/lowKeHHA yuuleh. 

YcHIHuA, BOSHHKaIONMe B CTEIKe, ObINH ONpeseeHbl BHIe lipu pacuere 
KOJIbILa Ha MpOYHOCTb HW AVIA KOJIbILa 3aKpbITOTO NpOuAA BbIpaKawoTca M10 
(bopmyiam (V.135). Ta Koupila OTKpbITOrO Npotusia yCuJIHA B CTbIKe onpese- 
AMIOTCA TO TeM 2%Ke *opMywlaM, 3a HCKNO“eHHeM KpyTaero MomeHTa M°™, 


KOTOpHIM paBeH 


” = Qr—0,5M, <>. (V.139) 

KpyTamua Moment Mz” pocnpwHumaeTca cuslaMH TpeHHaA HW JBYMA TIpL- 
NacOBaHHbIMH OoOTaMH WAH KOHHYeCKHMH WTHCpTaMH. 

HopMabyan cua N w usruOatolyue MoMeHTH! M, u M, BbIsbIBaloT HOp- 
M@JIbHbIe HallpAReCHHA B CTHIKe HM B OovITAaX. HerpyaHo oKasarb, uTO H3rH6 
MIPOHCXOAHT OTHOCHTEJIBHO OCH, NapaJIeJIbHOH MWIOCKOCTH KPHBH3HbI KOJIbILa, 
H mosTOMy MOMeHT M, MOXKHO HE YUHTHIBATb, CCH 3apaHee MIpeAMOMOKUTD, 
YTO HeHTPasibHan JIMHHA NapasdvienbHa MIOCKOCTH KPHBH3HbI KOVIbILa. 

PacueT 6OJITOB CBOAHTCA B OCHOBHOM K IipaBHJIbHOMy BbIOOpy HanpaAxKeHHH 
HauaIbHOrO 3aTATAa Oo, KOTOPOe ONpeseneTcA H3 yCNOBHA HepacKpbiTHA 
CTHIKa. 
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Jina pacueta OO/ITOB CTBIKOBOTO cCOeJJMHeEHHA YacTeH perysiupyrome;ro 
KOJIbILAa MOXKHO BOCNOIb3SOBaTbCA METORHKOH, NPHMeHACMOM B pacueTe CTHIKO- 
BhIX COC¢JHHeEHHH KpbILKH TypOHHEI. []pH sTOM AOcTaTOUHO HaseKHHIe pPe3yVIb- 
TaTbI MOryT ObITb MOJYYCHI, CCIM MPHMeHHTb pO KeHHbIK cnocoo pacuera, 
OCHOBaHHbIN Ha CXeMe aOCOJIOTHO KECTKUX PIaHuUeB H yNpyrux SoToB. Cue- 
AyeT JIMIIb y4eCcTbh OCOOeHHOCTH OOO3Ha4eHHH HW MpaBusa 3HakOB Tu. VI. 


OO yueTe AetbopmupyemocTH npodus 
pery.upyloulero KOJbuWa 


[]poqo/IbHbie HalpAyXKeHHA B KPHBOM TOHKOCTeEHHOM CTeEp2KHe MIpH ero H3rHG6e 
H CTCCHCHHOM KPYUCHHH BBI3bIBaIOT JePopMallulO MpoOuslA — Tak Ha3bIBaeMbIh 
apdbekT Kopmana. 

IIpuHBexeHHbIM BbIMe MeETOX pacyeTa peryHpyriowlero KOJIbILa OCHOBaH Ha 
rumorese O HeH3MeHAemocTH npoduia. [lostomy pesyvibTaTpl pacueTra mo 
npeaiaraeMOHw MeTOXHKe MOFyT ObITh CNPaBeAIHBbI TOJbKO NPH YCJOBHH 
o6ecneyeHHH HeH3MCHAeMOCTH MpopusA NyTeM yCTaHOBKH jocTaTOUHOrO 
KOHUeCTBa pe6ep (1Hadparm). 

Bonpoc o pomu sddexta KopMaHa mpu pacuetre peryHpyloulHx Koel 
Obl uccnenoBaH B ILKTH uo. HM. V. Won3yHospa B. A. Bepkmanom. Mm O6pi1o 
OKa3aHo, 4TO AIA pery su py!oulHx KONelL OTKPbITOTO NpousA BIMAHHE 9Cp- 
dekta KopMaHa He O4eHb CYIIECTBEHHO, NOSTOMY TaKHe KOJIbILa MOXKHO He 
opeOpsATb. 

Jia peryJHpyroulux Kosell 3akpbITOrO Npodusa AeshopMupyemocTb Mmpo- 
(pHJIA MOKET CYILECTBCEHHO CHH3HTb XKECTKOCTH KOJIbILa, OCOHCHHO TPH H3rHGe 
B IWIOCKOCTH erO KPHBH3HbI. Tak HanpuMep, AIA perymupyromlero KOJbILa 
Typ6uH Bpatrckoh TOC mMomenT wunepunu J, BcaescTBue yespopMupyemocTH 
KOHTY pa CHH2KaeTCA NpUMepHO Ha 30%. [ostomy perysHpylollive KOJIbiLa 3aKpbi- 
TOrO npopusA NOJUKHbI ObITb CHAOKEHHI peOpamu. Salaua 0 HEOOXOJHMOM ope- 
OpeHHH KPHBbIX TOHKOCTeEHHDIX CTepxKHeH TakxKe pemeHa B ILKTH B. A. Bepx- 
MaHOM. JlepopmupyemocTb Mpoduia Tem Oobule, 4eM BHIe KOIbIO H 4eM 
MeHbIle payqHyC OCeBOM JIMHHH KOVIbILa HW TOJIMMAHA ero cTeHOK. Ilostomy Heo6- 
XOJHMOe 4HCIO peOep BO3pacTaeT MPH YBeJIMUeCHHH BHICOTbI KOJIbILAa HW yObIBaeT 
IIpH YBeIHYeHHH TOJIMHHbI CTCEHKH H payiMyca OCeBOH JIMHHH. 


11. CEPBOMOTOP HATIPABJIAIOWNEFO ATIMAPATA 


KoHCTpyKUHH CepBOMOTOpOB 


Ha puc. V.39 noka3aHbi CXeMbI IPHMeCHAeMbIX B HACTOAMee BPeEMA CePBO- 
MOTOPOB. 

XapaKkTepHOH OcOOeCHHOCTbIO NOpliHeBOoro cepBomoTopa (puc. V.39, a) 
ABNACTCA HaHuHe WapHupa B NoputHe. Tara 3 cepBOMOTOpa cCOeMHHAeTCA 
c nopwiHem / H C PperyAHPYIOWlHM KOJIbIIOM WHJIMHIPW4ecKHMH WapHHpamy. 
BeneqcTBve 3TOTO BO3MO2%KHO OCYDIECTBIeHHe TPH MpAMOOCHOM JBYOKeHHH 
NOplwHA KpyroBoro TepeMellleHHA perysupytloulero KOmbuUa. IIpH stom Tpy6a 
nopuna J, mpoxoxamero B Kpbllike 2 WHJIMHApa cepBOMOTOpa, NO3BOuIAeT 
TAre COBEPlUHTb O6OKOBOe NepememeHve. C momorlbio diania 4 cepBOMOTOp 
KpellHtca kK OeTOHHOH IaxtTe. 

CyABOeCHHHIM NOpIHeBOH MpxAMOOCHBIM cepBomoTop (puc. V.39, 6) uMeeT 
ipa WHHHApa 7, B KOTOPBIX pa3MelLaloTCA Ba NOpiwwHA 2, *KeCTKO COeAHHEeH- 
HbIX MexY co6oH Taro 4. B cpeqnel uacTu TATH HMeeTCA NOM3YH 3 C wapHu- 
POM, COCHHAIOUIHM ee C PpblyaroM peryMHpPyloulero KOMbILAa. 

CepBOMOTOp Cc NOMOMbIO OnOpH 5 ycTanaBAHBaeTCA Ha KDPbIllIke Typ- 
OMHBI. 
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I] yHKepHbIh TOPOBbIH cepBomorTop (puc. V.39, 6) HMeeT ABa NyHxKepa — 
NOpwHA 2, BXOAAMMX B WMIMHEp J WH NPHMbIKalOulHX K peryAHpyromseMy 
KONbUYy 4. B cpequet uacTH nuiyHxKepoB HMeeTCA ONOpPa 3, NPHcOeAHHAIOMLAA 
JIyHKepbl K Kpbiuike TypOnHbEI. [IpwH nofmaye Maca B WHAIHHAp OH 6yeT 
JBHraTbcA BMecTe C PpeLyJIMPYIOULHM KOJIbILOM. 

KpblibuaTbi cepBomoTop (pyc. V.39, 2) cocTOHT H3 WHAHHApHuecKoro 
Kopnyca J, K KOTOpOMy KpenmuTca cekTOp 5, CO3MalOulLHH MOJIOCTH, B KOTOPbIXx 
pacnoOjiaraeTca Ball 3 C KDPblbuaTKOH 2. 

[loxBoy HW OTBOA Maca MpousBo_HTca No KaHasam 7. IIpexycmatTpuBaerca 
Take poccembHoe ycrponcTBo 6. Jina ynaAOTHeHHA HMeloTcH OpOH3OBbEIe 
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Puc. V.39. Cxembl cepBOMOTOPOB: @ — NOPUIHeBOH c WaPHHPOM B NHopmHne; 6 — cABOCHHBIN 
NOPUIHeEBOH IIPAMOOCHLIN; 6 — IIYHKePHHIH TOPOBbIH; 2 — KPblbuaTbll 


NaHKH HW YWJIOTHHTeJIbHbIe MAHxKeTH! 4. XOTA KPblJIbYaTble CePBOMOTOPHI HaH- 
Oovlee M1pocThI NO cXeMe AeHCTBHA H Mepewaye CH, OMHAKO WWHPOKOFO TpHMeHe- 
HHA OHH He NOY BCJIEACTBHE TPyAHOCTH HX yIWIOTHEHHA H CHHXPOHH3a- 
UHH HX paOoTbl Np ycTaHOBKe Ha KaxKJOH soMnaTKe. 

- Ha pune. V.40 noka3aH pa3pe3 no NOpmIHeBOMy CepBOMOTOPy HalipaBia- 
rollero aliapata C WiapHHpoM B nopuiHe. CepBOMOTOp COCTOHT M3 WHIMHApa J, 
KOTOPHIH OObINHO BbINOJHAeTCH H3 YYTyYHHOH OTMHBKH. C OHOH CTOPOHB! 
WHJIMHAp HMeeT ruyxXylo KpblliKy 2, c Apyrow — kppbuky 7 Cc OTBepCcTHem. 
Cpepxy K IMIHHApy IpHuMTO 1Ba (Plana WIA TpyOONpOBOAOB, NOABOAAUIHX 
MacJlO K WHJIHHApy cepBomotopa. BHyTpu WHVIMHApa pacnooxKew Nopuienb 4 
C IWapHHpHbIM coexqHHeHHeM 3, 1/0 c Tarow 6, HAyuLHH K peryJIupylomemy 
KObILY. Ha nopiine cepBOMOTOpa MpeycmMoTpeHa ycTaHOBKa MOPIIHeBbIxX 
KOJIelL 6. STO YMeHbIlaeT 1poTeyky Maca. K MOpIIHio Cc OAHOH CTOPOHbI KpenutTca 
Kpbilika, a c Apyroh — WHIHHOpMyeckuH cTakaH J, OXBaTbIBaIOWIHH TATY. 
OTOT CTaKaH NO3BOJAeT H3OAHPOBaTb MOJIOCTb, THe pacnosox*KeHoO WlapHupHoe 
YCTPOHCTBO BHYTPH NOPWIHA OT NOAOCTH WHAHHApa cepBomoTOpa, Kya NoOL- 
BOAHTCA MaCJIO TOA AaBseHHemM. IIpH nomaye Macala 3a cueT ero JaBMeHHA 
nopmeHb OyxeT ABHraTbecA. Ha kppmike 7, 3aKpbIBaIOeH WHMHAp CepBOMo- 
TOpa, YCTAHOBJICHbI CaJIbDHHKOBbIe YIJIOTHEHHA, IpesqOXpaHAloMe OT mpoTeyeK 
Maca H3 WHIHHIpa. Tara cepBomotTopa c -NOMObIO My@Tb 9 coeqHHAeTCA 
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C IPOyHIHHOH, KOTOpPax C NOMOM[bIO WHJIMHApHuecKOrO WapHHpa kpenutca 
K peryJIMpylouleMy KOJbuy. CoeqvHuTeIbHad Mydta 9 uMeeT pe3sbOy pa3sHbIx 
HallpaBJeHHH. ITO MOSBOAeT 6oslee yOOHO OCYIIeCTBHTb perysIMpoBaHHe 
QWuHbI TATH. Ha Tare cepBomMoTopa H NOpwIHA MpexycMaTpHBaertca yctTa- 
HOBKa KOHTpranKku. J]a BLINycKa Maca H3 CepBOMOTOpa IIpeyYCMOTPeH CJIMB- 
HOH Tpy6onposon. Ha puc. V.41 nu306paxken pa3pe3 MO CIBOeCHHOMY IIpxAMOOC- 
HOMY cepBoMoTOpy. Kaxkypli crambHOH wHanHaAp / KpenutTca K CTaJIbHOMYy 
Kopnycy 2, KOTOpHIH anon (He yKa3aHa Ha YepTexKe) ONMpaeTCA Ha KPBILIKYy 
TypOuHb. BHYTPH WHJIMHApa NepemeiaetTca YyryHHbIh NOpWienb 3, 3akpenven- 
HbIM rahKkon 4 Ha Tare O. Jia yYMeHbINeHHA MpoTeyek MacJla NOPIWeHb CHaG2KeH 
NOPUIHEBbIMH KOJIbIaMH 6. [loqBoa Maca B WHJIHHAp OCYIMeCcTBAeTCA 4Yepe3 
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Puc. V.41. Cysoenuprit mpamoocHHt cepBomorop 


f\pocceibHOe oTBepcTHe 7 B WHIMHApe J. IlostoMy B KOHUe XOMa Ha 3aKPbITHe 
YMeHbIlaeTCA NOCTyMeHHe Maca H 3aMeVJIAeTCA JBHXKeHHeE MOPIUHA CepBo- 
MoTOpa. | 

SaqHAA Kpbiuka 8 WMIHHApa riyxad, nepequaa 9 wuMeeT OTBepcTHe IA 
mpoxofa TATH, y KOTOpOH MpeyCMaTPpHBaeTCH MAaHKeTHOe WIM CaJIbHHKOBOe 
yiOoTHeHHe 10. B cpeqHel uactu Kopmyca 2 uMeeTca OKHO //, 4epes KOTOpOe 
MpOXOMHT Masten pbrmuara /3 perymupyroulero KOVIbIa. 

Tlanem coequHeH c pamMol TATH MOcpeACTBOM Nom3yHa {5 MW 9KCWEHTPHIHOK © 
BTYAKH /4, NO3BOAAIOWeH CO34aBaTb IPH MOHTaxKe HeEOOXOMHMBIN 3aTAr WIA 
MVIOTHOTO 3aKPLITHA HalpaBviaiouero anmapata. B orpery/HpOBaHHOM MOVI0- 
OK€HHH 9JKCIECHTPHUHAA BTYyJIKa cromoputca. B cepBomoTope npeaycmaTpnH- 
BaeTCA cTONMOpHoe ycTpolcTBo /2, yepxHBalollee HanpaBAAIOWHH anmapat 
B 3A€KPLITOM NOJIO%KeHHH MPH peBH3HAX H peMOHTAaX TYPOHHBI. 


PacueT fleTanen ceppomoTopa 


AleTtaiv cepBomoTopa HalpaBJAomero almapaTa paccuHTbIBaloTCA Ha 
eHCTBHe CHA, BOSHHKAIOWIHX B pe3yJIbTaTe AaBMeHHA MaCjla B CepBOMOTOpe. 
Kpome Toro, YYHTHIBAIOTCA CHJIbI, NOABHBIUHeECA B Pe3yJIbTaTe WaBJICHHA BODbI 
Ha JONaATKH HalipaBJAlolwero alllapata HW MepesaBaemMble MocpeACTBOM TAL 
cepBOMOTOPy, KOrga OH 3acToMopeH. BcamegqcTBue Toro, 4TO AaBseHHe BOLbI 
Ha JOMAaTKH CO3aeT MAKCHMAJIbHbIe Harpy3KH Mp 3aKPbITOM MOAO*KeHHH Ha- 
MpaBAlollero anmapata, JeTasiH CepBOMOTOPa PaCCUHTHIBAIOTCA AVIA 9ZTOTO 
NOJIOKeHHA. 

MakcHMaJIbHoe ycuaHe CepBOMOTOpa OMpenenaeTca dopmMyamu (V.23)— 
(V.25), ecw NOOxKuTh B HHX 6 = I Hu Ap = p;, — Po = Dy: 

luamuHAp cepspomotopa. [IlununaAp cepBomotopa (puc. V.42) o6pnmHo 
H3rOTOBJIAeTCAH H3 UyryHa. B nocweqHee BPeMA IWHIMHAPbl H3FOTOBJAIOT 
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CBapHbIMH H3 JIMCTOBOH craaH. HanpsoKeHne B CTeHKe ILHJIHHApa OT AaBJeHHA 
MacJla ONpeqeiseTCA 10 (OpMyJIe AIA KOTJIOB 


__ pan 
Oz = (a, dn)’ (V.141—V.142) 
roe d, — BHYTPeHHHH JMamerp WHJIMHpa; 
d, — Hapy2KHbIM WWaMeTp UHHHApa; 
p — aBjlenHe MacwJia. 
Hanpsakenna pacTAKeHHA B CTeHKE ILMIMHApa B MpOAO/IbHOM HarpaBleHHE 
lipH HeOJHOBpeMeHHOH TocaqkKe NOpuiIHeH CepBOMOTOPOB Ha yIIOpBI 


_ 4 (Pr +P) Vv 
= Téa dy (V.143) 


rie P,P, — ycumua nepBoro HM BTOpOTO CepBOMOTOPOB. 





Puc. V.42. Lunuygap ceppomoropa 


Hanpsaxkenne Ha CTeHKE MACJIONOABOAAMerO KaHawa (puc. V.42, a) onperze- 
AIOT, CUHTAaA ee KAK MVIOCKYIO MPAMOYFOJIbHY!O MWaCTHHY, 3allleMJIeHHylo 
NO KOHTYpy H HaLpyXKeHHy!O paBHOMePHO paciipeseeHHOH Harpy3kOHu 


0,5pb? | 
Omax = —— , (V. 144) 


roe b, ¢ — WIHpHHa H TOJLIMHa NWaCTHHbI COOTBETCTBeHHO. 

BenegqcTBue HEKOTOPOH H30rHYTOCTH CTeHKHW KaHasa dakTHYecKHe Halpa- 
2KeHHA OYAYT HECKOJIbKO MeCHbIIHMH. 

Hanpsaxkenve BO QvlaHiie WHIHHApa onpeyeanetca npHOauxKenHo. Jaa 
yueTa BJIMAHHA peOep diana mpeqnomarair, 4TO *PiaHell, WHJIMHApa cepBo- 
MOTOpa H3rHOaeTcA, KaK MpOCcTOH janell, eClH TOMMLHHY eFO CTe€HKH OTpeje- 
AATb H3 YCJIOBHA PaBeCHCTBa MOMEHTOB COMPOTHBJICHHA JeHCTBYIONLeEro CeYeHHA 
Cc y4eTOM peG6ep H SKBHBAaJICHTHOTO IIPAMOYFO/bHOrO ceyeHHA. Pa3BepHyToe 
moO WHaMeTpy KOpHeBoe ceyeHHe (PbilahHia HMeeT BULA, NOKA3aHHbIH Ha puc. V.42,6. 

Iliomayb ceyweHHaA diana paBHa 


F = ndot + ztyl, (V.145) 


re z — 4Hcu10 pe6ep. 
CraTHyeckuii MOMeHT HHeEPUMH OTHOCHTeIBHO OocH ceyenHa J—I paBeH 


S=ar,t(+ 2). . (V.146) 
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KoopaHHata WeHTpa TA KecTH CeYeHHA 


oe = F ~ det + zt,l * (V.147) 


MomeHT HHepILHH CeYeHHA OTHOCHTEAbHO HeCHTPaJIbHOH OCH 
J= iat + mndot (> ++—4) “+E ne + 2t,ly?. (V.148) 
MoMmeHT CONPOTHBJICHHA Ce4eHHA 


Y= 








hoes (V.149) 


THE Ymax —- KOOPAUHAaTAa HaHvOosee yAaNeHHOH OT HeHTPaMbHOH OCH TOUKH. 
Moment conpotupienun W, MpPAMOyrOJbHOTO CeveHHA UIMPHHbI Md, 
H TOJIULHHBI tf, paBeH , 





nd? | 
Wi= ae (V.150) 
M3 ycOBHA PaBeHCTBa MOMeHTOB compoTHBmeHHA W, = W, nomy4HM 
2 6W | | 
t = a , (V.151) 


Toma CT@CHKY WHAHHApa Ah HaXOMHTCA H3 yCJIOBHA PaBeHCTBa MOMCHTOB 
CONPOTHBJICHHA ToMepeyHOro CeYeHHA CTCHKH IHJIHHApa cCepBoMmoTopa, ycH- 
N@HHOTO peOpaMH, H CTeCHKH TOJMLHHOHK g 6e3 pebep. 

PaccMOTpHM yCHJIHA B pasBepHyTom ceyeHHu [/—II (puc. V.42, 6). 

TInomaib ceYeHHA CTCHKH WHJIHHApa 


F —— ntd.h’ —|- zhyty. (V.152) 
CraTvuecKHH MOMeHT I1IOWMlaqH OTHOCHTeIbHO ocH ceyeHHa /—I 
S = ar,h' (hi + fh’). (V.153) 
KoOopauHaTbh WeHTpa TxA2xKecTH 
— _S _ areh! (a +h’) | 
Yo = F ndgh’ + 2h (V.154) 


MoMeHT HHepIHH Ce€YeHHA OTHOCHTeJIbHO HeEHTPaJIbHOH OCH 


hs r{iy , hl 2 thy | 
j= ars + nd,h (3 +> + Y-) ao = +2thy?  (V. 155) 
MomenuT COMpOTHBJIeHHA Ce“eHHA 


V= 





J 


Umax 





THE Ymax — KOOPAMHATHI HavOoNee yaeHHOH TOUKH OT HeHTPaJIbHOH OCH. 
Momeut COMPOTHBJCHHA MPAMOYFOJbHOTO ceveHHA W, wHupHHoH nd, 
H TOJIMLHHOH g paBeH 


l 
 W=: ; nd,p" , 
OTKY a 


6W 
C= Tah’ 





HanpsaxkenHe BO diane onpesennetca 10 POpMy1aM JAA Manes C TOH- 
KOH TpyOkon (wenKH): 
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paylHaJIbHble HallpA»KeHHA B TOUKe b ceyeHHA a—a (puc. V.42, 2) 


Th 2 ry ry 2 
> 86M 3,33 (1) logis (—*) +. 0,389 (2) —1] 


o,. = —— > — 


GaP (2)? 1] re 
rm \? "0 


4,33 (<2) 412,33 + 1,18 
ly T | V rg? 





(V.156) 


AKCHAJIbHbIe HallpAXKeHHA B MecTe Tepexoa OT weHkKH K duanwwy (ceuye- 
HHe [—I) 


t \2 
a1 =6,,(—) ; (V.157) 
_ TAHT@CHUMaJIbHble HallpsAxKeHHA B TOUKe OB (nepneHauKyAApHO MJIOCKOCTH 
pucyHka) | 
ry r ry; 2 
5, < 286M _ (Fy) 08 (a) og ae 
fo (ry — ro) (42 )"—1 (2/1 
To . 9 
2 | 
3,33 (2 a)" Logi (4 ) +.0,389 (=) —1] 
x Pn) _ (V.158) 
—} —1]| #2 
4,33 (— 2,33 + 1,18 ti 7 
(= Z) 2933 = | V rog® 
B sTHx dopmyvlax (puc. V.42) 
M = P (ry — 1p); 
Z — *PyHKUHA OT pa3smepoB A, g H Fo 
__ cos h2e + cos 2¢ + 2 
= sin h2c— sin 2c ’ | (V.159) 
re 
C = 1,285 (V.160) 





7 


Mopmynpr (V.156)—(V.159) guia paquanbHEIX H TaHreHWHabHbIx Halps- 
3%XCHHH MOXKHO yNPOCTHThb, HcnoOmb3yA rpaduku puc. V.43. Ha sTHX rpaduKax 
3HayeHHA dyHKuHH Fy, Fo, Fs, Fy, F, chelyioue: 


F, = 2,86 [3,33 (2+)" logis (2 ) + 0,389 (2 )’—1]; (v.16) 


Fy = 4,33 (2 * 4 2,33; (V.162) 
F,= 1,18 [ (<4)" —1); (V:163) 
F, = 2,86 (a) tote (Ge) Fon | (V.164) 
=I | 


(V.165) 
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Tlocne nogxcTaHOBKH 3THX 3HaYeHHH 
B popmyubi (V.156)—(V.159) nosyuun: 

paabHoe Halips2KeHHe B TOUKe D. 
(puc. V.42, 2). 





TAHTeHLLHaJIbHOe 
rouke b 


P 
ad es 
oo. Fy +} — 
. 0 


(V.167) 


HalpAxKeHHe B 


rye 


P= B=2Q (V.168) 


3necb Q — ycusHe B GoTax, IIpHxKu- 


MaHOINHX QJIaHIbl; 
fs — paguyc pacnojoxKeHHa 


OOJITOB; 

fr, — HapyKHblH paguyce 
iana; 

fo — BHYTPeHHHH (pacuer- 


HbiM) pawuyc daantla. 

layxaa Kpbluika. Cxema ceyeHHa 
KpbILIKH NOKasaHa Ha puc. V.44, a. 
Kpbiika pacCuHTbIBaeTCA Kak 1a- 
CTHHa, 3afe@aHHad 0 KOHTYpy. 
KpHBH3Ha ee YUHTHIBaeTCA KOSdpDH- 
I[H€HTOM, 3€BHCALLUM OT OTHOIICHHA 


r S 
p Uae Tue R— pagnyc KpHBH3HBbI 


cpeqHeH JHHHH KDPbIDIKH; Ss — TOJ- 
WWHHa CTCHKH KPpbIWIKH; rf — paauyc 
OCHOBaHHA H30THYTOH yacTH 
KPBILIKH. 


Kpuspie & = f (+: 
CTaBJICHbI Ha puc. V. ‘Ad, a 


Hanps2keHne B KpbillKe ompeje- 
AAeTCA 10 Popmy.te ° 


£), npey- 


o=— VY, 





(V.169) 
me rf,— pankuyc pacnojoKenus 
OOJITOB. 

@jiaHell KPbIKH NpHOsHKeHHO 
paccUHThIBaeTCA Kak 6a1Ka, pasBep- 
HyTad MO cCeyeHHIO payuyca fr,, Ha 
Harpy3Ky NpH HOpMaJIbHOH pa6ote 
H B CHyd4ae HeOXHOBPeMeHHOH T0- 
CanKH MOplWineH Ha ymop. 


. (V.166) ; 


a) 





Fr 7" 
F, ) 

rs [YL 
22.010 60 
200 f\ |_| 
18.0 12,5 50 
nr 

14.012 40 









10,0 30 
80Gb AIL 
60 F< HTT, 


Whe 
Zt NT 
FT | o | | 20 |* ap 


1112 13 14 15 16 17 18 19 20 
7 ON 
a) 


Puc. V.43. K pacuety cpianna (3HayeHHA 
_dyuxuuu Fy, Fs, Fs, Fy, Fs 4 2) 


INS 
: 
\ 
N 
NY: 
NY 
KN y 
R 
YY 
YS 
Oa? a6 HZ 


Puc. V.44. K pacuery KPbIMIKH cepBomoropa: 
a-—YlalKaaA KpbuiKa; 6 — Kpbillika c OTBep- 
‘CTHeM;* 6 — KPHBad 3aBHCHMOCTH 


ie 
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M 
HanpaxeHHa BO (qbilaHile OyAyT paBHbi c=. 





Moment cCOMpoTHBJIeHHA KpHBOrO ceyeHHaA W = ret 
Hsrnu6aronju4H MOMeHT IIPH HOPMaJIbHOH pa6oTe 
M = arn (ta — fe) Pp: (V.170) 
pH HeOJHOBpeMeHHOH ocayke NopilHer 
M = (Py + Po) (fa — Fe); (V.171) 


rye P, — ycuive nepBoro cepBomMoTOopa; 

P,— ycusaue BTOporo cepBOMmoOTOpa. 

Kpbilika cepBomoTopa c oTBepcTHem. PacueTHand cxXeMa MOKa3aHa Ha 
(puc. V.44, 6). Kppmuka paccmaTpHBaeTca Kak Kpyrloe KOJbIO NMOCTOAHHOrO 
nonepeyHoro ceyeHHA, CKPy4HBaeMOrO MOMEHTOM, PaBHOMePHO pacnpeyeeH- 
HhIM BJOJIb OCeBOH JIMHHH KOJbIa. 

Cuutaa, 4TO HallpaxxKeHHA B Ce€YCHHH TaKOH KPbILIKH MpAMO TMponopiiHo- 
HaJIbHbI PAaCCTOAHHIO OT HeHTpaJbHOH OCH H OOpaTHO NMpOMOpuHOHaJIbHbI 
paccTOAHHIO OT OCH KPbILIKH, NOJ1Y4HM BbIpaxKeHHe JIA HaNpAxKeHHA BTOUKe K 

| ¥Y — Yo 


2, (V.172) 


rae A — NOCTOAHHAaA BeHUHHA. | 
HMs3ru6aromuh MOMeHT B Ce4YeHHH KPbIIIKH OyeT paBeH 


My = || 0 (y — yo) dr dy. 


TloxctapHs 3HayeHHe O, NOJy4HM 
*drd drd drd 
My = Af ff EM — ayy ff ete ff He) vara 
s $ § 


CymMa lmepepesbiBaloinvxX CHI B CeYeHHH JOJOKHa ObITh PaBHa HYVJIW, 
C/I€OBATeJIbHO, 





|| o dr dy = 0. (V.174) 
Tlocae nocTaHOBKH Oo Hahyem 
| drd drd 
Ay JJ = 90 | 7 {=O (V.175) 
O603HauHB 
drdy __,, ydrdy yrdrdy __ 
[Jean [festa [[2etan iT 
H MOACTaBHB 3TH 3Ha4eHHA B ypaBHeHHe (V.178), nowyunM 
A (m — y,l) = 0, (V.177) 
CuleMOBATeJIbHO, 
Y=. (V.178) 
YpaBueune (V.177) c yaetom (V.179) u (V.180) uMeeT Buy 
M,=A(n—2 a ) (V.179) 
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oTKya 
Aa— (V.180) 





CieHOBaTeJIbHO, HaHPAXKeHHA B Tesie KPBILIKH Onpesenaiorcn Mo dopmyvie 


m 
, m, (y—-~) 
Co = Ta | (V 181) 
rl(a—-—> 
(n——F-) 
| Msru6aroutui. MOMEHT, JeHCTBYIOINHH B C€4CHHH KDPBIDIKH, ONpeleilAetca 
no mopMye 





M, = -£-[R6 — Rex (3Ro — 2Rex)|, (V.182) 


rie p— aBlenve Maca; 
Rs — paauyc pacnonoxeHHa G6O.TOB; 
R.« — pawuyc oTBepcTHa (HapyXHBIH pagwuyc crakana). 
Beanuuuni /, m Wn Aerko onpeseAAOTCA LIA IpAMOYTOJIbHHka (pu. V.44,6) 
HS BbIpPaKeHHH: ' 


| G22 | | 
drd , 
j= ||"%=2y,—y)in4; 


Gils 





Y¥21e | 
drd 
m= | |S =(— yi) in, | (V.183) 
Gils 
=| yrdrdy _. 2 ( 3 3) In 
n= ” r — 3. Yo ; Y\ ry ° 
Ox01 J) 


Jia ce4YeHHA KDPbIIIKH 3TH BeHUHHbI MOXKHO ONPeAeHTh pacoaHasuTu- 
"ueCKH, pasOuBaA ceyeHHe Ha PA JICMCHTAPHBIX HPAMOYIFOJIbHHKOB. Wop- 
Mysibt (V.183) aia onpezeneHHA KOSdpuUMeHTOB MpUMyT BH: 


ft 
l= )) 2 (Yoi — Yai) In 
li 


i=l] 


lai, 
Tui? 





m= x (Yo: — ¥iz) In (V.184) 





ft 
n= ui (3; -—— Yiz) In a 
ba! 


li 


UncaenHoe onpeesennve Bcex STHX BEJIHYHH YHOOHO NpOH3BOAHTb B TaAGMNYHOH 
(popMe. | - 
MakcuMaJIbuble HanpAxKeHun OyAyT B TOUKAX C KOOPAHHAaTaMH Yay HW min: 
_Tsra ceppomotopa. Tara cepBoMOTOpa paCCUHTbIBaeTCA Ha HPOOJIbHbI 
u3srH6. BemwuHHa KPHTHYeCKOH CHJIbI ONpewemAeTCA B 3A€BHCHMOCTH OT rH6- 
KOCTH TATH | 
Ae BE (V.185) 


L 





re  — KOS*DHIHEHT AIHHbI (AIA WapHHpHOTO 3aKpelJIeHHA KOHILOB 
p= I); 
L — Anna TAH; 
i — panuyc HHepILHH. 
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O6bIuHO WIA TATH cepBomoTopoB A> 100, nosTomMy KpHTM4yecKan cHsa 
onpefeiseTca 10 dopMyne Drusepa. 


EJxn? 


Pap = WL? ? (V.186) 
rye E — MOxyJb yupyrocrH; | 
4 
J — MOMeHT HHepIHH TAH (J os ar) 


_d — uametTp TATH. 
Koa@ullenT 3amaca K MaKCHMaJIbHOMY YCHJIHIO, JeHCTByIOuleMy Ha TATY, 


A | P, Elz? | 


Z YL 6b = 5. 
VA YA ° Tononka TarH cepsBomoTopa (pxc. V.45) 
A 


paccuHTbIBaeTCA Ha pacTHKeHHe MO ABYM 






CeyYeHHAM: 
ceyenHe A—A | 
a P a P . 
02 FF,  Bin—nt? (V.188) 
ceyenHe B—B (no Jiama) 
Ponte (V.189) 





oO — ew 
2 Ort BP? 


rie r, HW r — pawWychl TOMOBKH TALH; 

— { — BbICOTa TATH. 
OKCHeEPHMeHTAJIbHbIe HCCJeCROBaHHA HalIpAXKeHHOTO COCTOAHHA MIPOYyWHH 

(rOJIOBKH TATH) CBHAeTEIbCTBYIOT, UTO HAlIPAXKCHHA, NOACUMTAHHbIe B NpPOyH- 

Hax (rOJOBKa TATH) Kak B TOJICTOCTeHHOH Tpy6e (no JIam9), 3aHH2KeHbI. Bosee 

TOUHbIG€ HX 3HAYCHHA ONPeAeAIOTCA, CECH PaCCUHTHIBATh NPOyMIHHY (TOJIOBKY 

TATH) KaK KPHBOH Opyc, HaxXOAAUHHCA NO AeHCTBHeEM PaBHOMePHO pacmpere- 


JIGHHOH Harpy3KH B COOTBET- pj Aema 
CTBHM C pacueTHOH CXeEMOH, T4177 
noKa3aHHoH Ha puc. V.46. ¢ 77ZZ y 


Puc. V.45. Tonopka raru 












Z = 
Ecan P — npuaoxen- <r | 4) 
Hava CHa, g — HHTCHCHB- ——~"_ 8 
HOCTb paciipejeJyieHHA Ha- Ky 


rpy3KH, R y—cpeAHHH pa- 
AHyC KPHBH3HbI, p — Mepe- 
MeHHBIH yrOJ, TO | 


nt | 
P=2 | Roqcos pdp=2Roq, 
3 : 





oTKya | 3) 
9=> oR. .  Pue. V.46. PacuerHaa cxeMa rozoBKH TAH (MpOYyUIHHbI) 
. 0 
2? , It 
Hsrvu6aioutuH MOMeHT H HOPMaJIbHaA CHa AA yuactka 0 <= 9 <= 5 PaBubl 
(puc. V.46, a): 


@ 
M, = x2 -+ x1Ro (1 — cos q) — Rig | sing dp = X2 + x; Ro (1 —cos g) — 
0 
— Rog (1 — cos 9); (V.190) 
@ 
N,= x,cos@ + Rog | sing dp = x,cosp + Rog (l—cos@).  (V.191) 
; : 
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Ananoruuno onpenensiorca My, 4 Ny) Wa yuacTKa > <q<- = (pc. V.46, 6). 


-Hocne onpenenenua ropH30ntambHoro. mepemellleHua TOUKH AH yraa 
MOBOpoTa No TeopeMe KactesibsaHO H Nocse COOTBETCTB YIOULHX npeoOp a30BaHHit 
HOdy4HM 1 


IU 
‘TepBpi yyacrok 0 <p<-- 


2 
M, = PR, (—0,0139 4 0, 0198 « COS 59): 
(V..192): 
Ny, = P (0.5 — 0.0198 cos 9): 
-BTOpOoH yu4acToK = << =x 
My, = PR, (0,486) —.0,0198 cos » — 0,5 sin g); : 
Nu = P (—0,0198 cos @ + 0,5 sin q). | _W.198) 


3nauenve Bemu4nH M 3 u N npupogutca B Ta6u1. V.7. , Sn 
Ta6nuna V.7 
SHayenne Mu N : SO 

















@, 2pad COS @ -0,0198 cos @ ‘sin @: | 0,5 sing - | 
= | | PRo iP 
0 1,0 00198 | O 0 0,0059: | 0,4802 
30 0,866 0,0171 | 0,5 0,25 0,0032' | 0,4829 
60 | 05 0,0099 | 0,866 0,433 —0,004 | 0,490! 
9 | O | 0 } 1,0. 0,5 —0,0139 | 0,500 


120 '—0,5 {| —0,0099 | 0,866 0,433 0,0432 ! 0,4429 


Hsrn6aiouluit MOMeHT CO 3HAKOM TJIIOC pacTArMBaerT Hap yxkHOe BOJIOKHO 
(yBeAHUHBaeT KDHBH3HY). 

Ilo HaenHomy 3HayeHHio. H3rHnOatomrero MOMeHTa M 4 HOpMaJbHOH cue N 
onpeleinetcaA HallpsKenve B TeX Ke ceveHHAX IIPOYUIMHbI. 

Inomaab IpaAMOyrowbHOro ceyenHs (puc. V.46, ReTaab A) c pasMepamMH h 
H 6 OynetT paBHa F = 64h. 

CmemenHe HeHTpaJibHOH .ocH ceyeHHA KpHBOrTO Opyca 
ft 
In Rr 


Zy = Ryo — 





a . . 


CrariueckHh MOM@CHT Ce4eCHHS OTHOCHTebHO HeHTpaJIbHOH OCH 


S = F2y,; 
Jia HAPy2XKHOrO BOJIOKHAa 
| SO __ SRx 
z A ° 
gt % 
JIA BHYTPeHHErO BOJIOKHAa 
| Sp _ _—s— SRe 
z.0CUlUh ° 
3 % 
Hanps2xkenHe COCTaBHT a 


1H.H. Kopases. Tugporyp6vun. M. — JI:, Mamwrus, 1961, c. 417. 
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Hanpaxenhe MOJCHHTbIBaeTCA AIA TEX KE sHayueHHn @ (0; 30; 60; 90; 120), 
JIA KOTOPHIX ONpewesteH panHee. 


BOJIOKOH. 

Pama Tarn CABOeHHOrO cepBpomoTopa. IloKkKa3saHHas Ha puc. V.47, a 3aM- 
KHyTad pamMa TATH CABOeCHHOTO CepBOMOTOPa TPHXKAbI CTATHYeECKH HeOTIpere- 
mumMa. BBHAY CHMMeTPHH paMbl KOJH4eCTBO HCH3BeCTHBIX MOXKHO YMCHDbIIHTb 
HO OAHOH, pacCMaTpHBaA MOAOBHHY paMbl C NOABHKHOHK 3afe1kKOH B TOUKe A 
H HeNOBHKHOHM —B TOUKe B (pune. V.47, 6). Moment M, onpeyemsnetca 
M3 YCNOBHA paBeHCTBa HYJIiO yrvia NoBopota B TOUKe A (puc. V.47, 6). Onpexe- 
jleHHe yruia NoBpopota B TOUKe A NpOv3BOANTCA TO MeTOAY Mopa—Bepeuta- 
ruua. Ha puc. V.47, 24 O NOKa3aHbl SMIOphi 
H3rHO6aloulHX MOMECHTOB OT JeHCTBUA CLHHH4- 
HOrO MOMeHTa M , H AeHCTBYIOWWHX CHI, IpH- 
| JOMKCHHBIX B TOUKe A. Yrom NoBopota @ 
T Oynet. paper 


Ny JIA HapyXKHOrO HW BHYTPeHHero 
PRo ?P 


__ WiMoci 
o= y EB, (V.195) 
roe W, — n0mulagb 3TIOpb! MOMEHTOB OT 
Harpy3KH; 


Mc; — OpAuHaTa SMIOPpbl MOMeHTOB OT 
€NHHHYHOrO MOMeHTa Od, WeH- 
TPOM TAKECTH; 
EJ, — 2KecTKOCTb. 
TIpHMeHHTeAbHO K pame TATH (puc. V.47) 
yro. nmoBopota O6ygzeT onpexeATECA 10 


5 g= pt [2a (2M4 + =) + 


+ kb (Ma _ Pa =Q, (V.196) 





Puc. V.47. Pama TArH cBOeHHOrO 2 
cepBOMOTOpd 
OTKYa 
_ Pa a-+ko 
Ma = 3" * qh (V.197) 


rae 








_ Ji __ hy 3 
k= de ( he ) 
Msru6aromu MOMeHT B ceyeHHH {f—T/ 
Pd 





M,;= Ma—->-- (V.198) 
Hanpaxkenne u3zrH6a B cevenHu [—] 
Pd 
M _. ___ - . 
M A 2 
Sw = p= a (V.199) 
6) 
rye ¢ — TOMMHHA PaMbl TAH. 
Hsru6aiomui MoMeHT B ceyeHHH //—IJ] 
My = My—-—”. (V.200) 
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Hanpaxenuve u3ru6a B ceyennn J/—-J1 


Hanpsxkenve pactaxkenuan. B cesennnH [J—I] 
_ P 
So = Thy 


CymMapHoe Hanpsxenne B ceyenHuH [/—I] 


Pa 
cymI[ —— th2 { ths 


(V.201) 


(V.202) 


(V.203) 


12. 3AMEYAHHA O -PACHUETE HA MIPOUHOCTh JIONATKH - 
KOHHYECKOFO H OCEBOFO HAIIPABJIAIOUIMX ATMAPATOB 


I]pupegenuui Baie (cM. m. 7) cnoco6 pacuera 
AONATOK PpawWaNbHOrTO (WHAHHApHYecKoro) Halpa- 
BAAIOWerO anmapaTa MOXKeT ObITb pacipocTpaHeH 


TakKe H Ha pacueT NOMATOK KOHHYeCKOFO H OCeBOTO 
HalpaBAAIOUNMX allapaToB. YKasaHHble JOMAaTKH 110 
CpaBHeHHIO c JlONaTKaMH paavanbuoro annapata 
HMeIOT Be OCOOeCHHOCTH: 

1). smopa M¢ wa BTOpoM yuacTKe ABJASeTCH He 


‘KBapaTHoHu, a KyOu4ecKoH Napaboron (cm. puc. V.31); 


2) JomaTKa Ha BTOPOM y¥uacTKe HMeeT MepeMeH- 
HOe ceyeHHe, BCJIeACTBHe Yero 3MIOpPa MOMeHTOB 


HHepuLHH Jiy Ha 3TOM yuactKe CTAHOBHTCA KPHBOJIN- 


HeHHOH (cm. puc. V.31). 

Bce ocTasbuble 9mi0pt, uso6paxeHHle Ha puc. 
V.31, ocTaioTtcaA JA AONaTOK KOHHYeCKOTO Halpa- 
BIAIOWLerO alnnmapata 6e3 H3MeHeHHA. 

MoxHO OKa3aTb, 4YTO NepBad OCOGeHHOCTb He 
OKa3bIBaeT CYINECTBEHHOLO BJIHAHHA Ha JIPOUHOCTH HU 
KeCTKOCTh JIOMATKH H, CJeCNOBATeJIbHO, €@ MOXKHO He 
VYHTbIBaTb, a WIA ONpewenenuaA MOMeHTOB MZ, M3 
H Mz npumMensatb gopmyan (V.61), KoTopbie aA 
paccMaTpHBaeMOro cCJlydaAh SABJAIOTCA NpHOmMxKeH- 
HbIMH. Btopyto oco6eHHOCTh, fT. @€. NePpeMeHHOCTb 
cegdeHHA JIONATOK, pH pacueTe JlomaTKH HEOOXOAHMO 
V4HTBIBATb. | 

Mspectuo, 4To cnoco6é Bepemaruna BEYHCIeHHA 
uHTerpasua Maxcspeama— Mopa nmpumMeHHM TOJbKO 
B Cydae, CCH OHA H3 MePpeMHOKAeMbIX SIIOP AB- 
adeTcA NpaAmMOmMHeHHOH. Ilostomy Aaa Broporo y4a- 
cTka, Ha koTOpoM 9miopa M°® He aBAAeTCA NpAMo- 
JMHEHHOH, ciioco6 BepemaruHa HCNOAb3OBaTb HEeJIb- 
3A, H, CJICQOBaTeJIbHO, BLIBEJeCHHbIe BILE POPpMYVJIbI 
AA ‘1porv60B HempHMeHHMpI. BmectO HHX JIA 


«TTT 


a wi i 





















ec 





Puc. V.48. K pacuety ko- 
HHyecKoro Halip aBJ AION e- 
‘ro alnapata 
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AONaTOK KOHHYecKOrO 4H. PaauatbHoro HallpaBAIOWHX allmapaTOB MO2KHO 
HCHOJIb3OBaTb (OPMY/JIBI: 


Ey’ = -2 M{M) + Ey} + 2 MUQM3 4M); 
Ey? =-2 MPM)+ Eye +-2 [2 (MPM + Ms M3) + 


+ MP MS + M3 M3] + + M3 (2MP + Mf); 


: ; ; lax (V.204 
Ey’ = 4 MiMi; + Ey; + 3. M3 (2M> + M3); 


Ey® = 2 MEM} + Eyk + -2 [2(MsM2 + MSM3)+ 


+ MM3 + ME M3] +3 MSMs 
J 


rie y3, Ys » Yr; ys — porH6b B TOUKe C, onpeyesmAemble nebopmanues J1O- 
maTKH Ha ee BTOPOM yuacTkKe. Ocrambubie cularaembie B dopmysax (V.204) 
COBMaaloT C COOTBETCTBYIOINMMH CJlaraeMbIMH B dopmyaax (V.63)—(V.66), 
BbIBEACHHbIX MIA HONATOK | oceBoro HallpaBJaiouyero alilapara. 

Alas onpeyeseHHus 3, ys, ¥2, Yo ~PEKOMEHAYeTCA creLyIOMLHA NpHOWKeH- 
HEIM TIpvem. 

Ha puc. V.48 n306paxennt amioppr Ma, M?, Ms, MR, J uv M° ana Broporo 
yuacTKka JIONaTKH (AVIA OCTAJIbHbIX Y4aCTKOB COOTBETCTBYIOMIHe STMIOPhI NpH- 
BeJeHbI Ha puc. V.31). Bropow yyacTok omaTKH JeJIHTCA Ha nN OONee MeJIKHX 
yuacTKOB, B ipeyesax KaxKAoro H3 KOTOpHIX 3T10pa M° mMomerT paccMaTpHBaTbca 
Kak NIpAMOHHeEHHAaA (TAKUM O6pa3z0m, KpHBaa M°® 3amenHseTca JIOMaHOH IIpa- 
MOH). JIId Ka2KJOrO MeJIKOrO yuacTKa JIA BHIYHCICHHA HHTerpana Mopa MoxKHO 
IIpHMeHUTb cnoco6 Bepemaruua. JA STOTO BCe OCTAJIbHbIe SNIOPbI Ha y4acTKe 
AonaTOK TakxKe pasOHBaloTCA Ha COOTBETCTBYIONIMe MeJIKHe yuacTKH, B lipese- 
aX KOTOPBIX JMIOPbl 3A4MeHAIOTCA NPAMOYFOJIBHHKaMH 3KBHBaJICHTHOH MJ10- 
mau o;. 3aTem NAOWMANH ©; YMHOKAlOT Ha OPAMHATHI M/, COOTBeTCTBYIOLILHe 
HIGCHTPpaM TAXKECTH MPAMOYFOJIbHHKOB w;. B pesybTaTe NoydHM ciexyroulHe 
OpMY.IBI: 


anv? 


i 


L£yx= y\ wf 


— 
—, 


fi 
Eys =X wo Mi; 


i=l 


a 


(V.205) 


ft 


3 SAAQ. 
Ey,= Y; G) {LVI fy 


i=] _. 


R Aygo 
Eyx — x WO; M; . 
. é=1 . j 
Becb nocnexyioui pacuer monaTOK KOHMYeCKOrO HIM oceBoro Hanpas- 
JIAFOULUX annapaTOoB HH4ECM He OTJIHGaAeCTCaA OT pacueta JONATOK paqvabHoro 
HaMpaBAAoUero almapata, T. €. MPOHSBOAUTCH TO (opmy.am ui. 7. 





Taasa Vi 


KOJIDBUEBBIE JETAJIH FHAPOTYPBHH 


TuazpoTyp6uHb! HMeIOT OObUICe KOJIHYECTBO KOJIbIIeCBbIX eTaseH, MHOTHe 
H3 KOTOPbIX HaxOJATCA NOA AeHCTBHeEM OCeCHMMeTPHUHbIX Harpy30K. Han6ouee 
BaxXXHbIMH H3 TaKHX JeTaieH ABJAIOTCA: KPbILKa TYPOHHbI, BepXHee KOVJIbILO 
HalpaBJAlomlero annapata, KOJbua craTopa. UacTo KOJIbILa BXOAAT KaK CO- 
CTaBHOH 3JIEMeHT B 6Olee CJIOKHbIE MO TeEOMeTPHYeCKOH opMe eTaH, Ha- 
NpHMep BepXHHH HW HHKHHH OOORbI padouvero Koneca palWanbHO-oceBon 
THAPOTYPOWHE, KO/bia, BXOAAWHe B COCTaB KOplyca paOouero KoOseca NOBO- 
POTHOMONAaCTHOH THApOTypOuHbI, HT. J. 


1. KOHCTPYKUHH BEPXHHX KOJIEL 
HAMNPABIAIOWIErO ANNAPATA H KPbBIWIEK THAPOTYPBHH 


KOHCTpyKUHH BepxXHero KOJIbIa HalpaBlaiomero alMapatTa HW KPpbIIlIKH 
TYPOHHbI 3aBHCAT OT OOMIeEH KOMNOHOBKH TypOHHbI. KoubuO HW KpbILKa MOryT 
ObITb Pa3JCJIbHEIMH H MOryT OObeCAHHATECA B CAHHYIO KOHCTpyKuUHo. Ennnaa 
KOHCTPyKUHA Yale NPHMeHAeTCA AIA TYPOHH PadHaJIbHO-OCeBOrO THNAa, WIA 
J\MaMeTpOB KOvlec MeHbIWe 7 m. EcaH NOANATHHK yCcTaHaBJIUBaeTCA Ha KPbillKe 
TYPOHHbI, TO OHA AOJKHA HMeTb Oosee 2XeCTKYIO KOHCTPYKIHIO. 

KOHCTPyKUHA BepxXHero KOJIbILA 34BHCHT OT KOHCTPyKIHH 3aKJaqHbIx 
yacreH. Ecau y TypOHHbI NpexycMOTpeHbI (yHAaMeHTHOe KOVIbIIO HI cTaTop 
-TYpOHHEI, TO BEpXHee KOMbUO HallpaBAAOMerO alllapaTa ABAAeTCA CbeMHOH 
jleTaJIbio, HeOeTOHHpyemonw. B cay4ae BbINOJIHCHHA 3aKJIaqHbIX YacTeH B BHe 
OTICIbHbIX KOJIOHH, (PYHAAMeEHTHOE KOVJIbILO H BEpXHee KOVJIbILO HallpaBJIAtomlero 
annapata OObI4dHO O6beLHHSIOTCH B C(HHYIO WeTab, KOTOPad B STOM CJLy4ae 
OeTOHMpyeTca. 

Ha puc. VJ.1 noka3aHa cxeMa BepXHeYro KOJIbIla HaNpaBsJAlolero annapata 
Typ6uH BosmxcKkon TIC. OOpmHo ceyenHe BepxXHero KOJIbWa Dear Kopobua- 
TbIM C COOTBETCTBYIOILMMH OTBePCTHAMH WIA KpelJIeHHA NOMWHMHHKOB Ha- 
TipaBAAIOWLHX MoNaTOK. CHapyxXH KOJIblla peqycMaTpuBaetca cbuanen / 
JIA KpelieHHaA K CTaTOpy TYPOHHbI, C BHYTPeCHHeH CTOPOHHI HMeeTcH iaHe 2 
JWIA KPeNJIGHHA KPbILIKH TYPOHHbI, BHYTPH pacnovaraioT peOpa 5 (ceyennue 5). 
Jivametp BHYTPeHHerO (biaHija BbIOGHPalOoT HeCKOJbKO OOAbLUIHM HaMeTpa 
nonacteH pa6ouero Kosleca, UTOObI MOXKHO ObIIO OCYINeECTBHTb JEMOHTaK ero 
6e3 BbIeMa BepXHero KOJIbIia. BepxHee KOJbIIO HallpaBlalomlero almapata 
{He CUHTaA cTaTOpa) ABJAeTCA C€aMOH KPyNHOH eTalbio TypOHHbI. OObIdHO 
AJA TyYpOHH G6ONbUIHX Pa3MepOB ero NPHXOANTCA AelaTb COCTABHbIM H3 He- 
CKOJIBKHX YacTeH. Y Typ6uHEI BonxcKkoh [SC um. B. WH. Jlenuna Bepxuee 
KOJIbIIO COCTOHT H3 8 YacTeH, IPH STOM HAHOOJIbIIHH TrabapuT YacTH COCTAB- 
aseT 4592 mam. [Ipu Bpei6ope KomMueCTBa “YaCTeH, H3 KOTOPHIX COCTOHMT BepxXHee 
KOJIbILO H Apyrve JeTasv, cneqyeT PyKOBOACTBOBaTbCA TaOapHTaMH OHOK 
ywacTH KOJIbILa, CFO. BeECOM, BO3MOXKHOCTbIO TPaHCNOPTHPOBKH NO *KeNesHoHu 
qopore H BHYTPH Wexa (YYHTHIBaTb TaK?Ke BOSMOXKHOCTH NOABEMHBIX CpeCTB). 
OryebHble YaCTH BepXHeroO KOJIbIa COCMHHAIOTCA MexKAY cOOOH Np NomMouLH 
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GOJITOBOTO COeHHEHHA, WA YerO MpeyCMaTPHBalOTCA COOTBeETCTBYyIOMLHe 
CTHIKOBbIe (PIaHIbl 6 C OTBeEPCTHAMH 3 OX GosTH. Ha puc. VI.1 (ceyenue A) 
MOKa3aHO Ppa3sMelleHHe STHX OTBEPCTHH. OOLIYHO 4aCTH COeEAHHAIOTCA MpHnaco- 
BaHHbIMH G6osTaMH 4, 4TO OOecnedHBaeT HX TOUHOe conpaAmKeHHe. MHorna 
BMeCTO NIpHMacCOBaHHbIX OOJITOB MIPHMeHAIOTCA KOHHUeCKHe WTHOTH. BuemHun 
H BHYTPCHHHH QJlaHibl HHOra AenaiT ABOHHbIMH, HO Jlyume OMHHAapHble 
c peOpamu (puc. V1.1, 6). Takaa dopma diana NO3BOJIAeT 3HAYMTeEABHO yBe- 
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Puc. VI.1. BepxHee Konbuo HanpaBjalomero alnmapata typ6HHbl 
Bomxckoh TOC um. B. H. Jlenuua 





JMUYHTb CFO MOMEHT CONPOTHBJCHHA B COOTBETCTBHH C YCJIOBHAMH HeEOOXOAHMOLK 
MpOuwHOCTH KOHCTpykKuHH. Ha puc. VI.1, 6 noka3aHp «Bug cBepxy» u «Bun 
CHH3y» BepXHeroO KOJIbIa HanpaBsatlomero annmapata. 

Ha. JIM3 6bl0 mpoBezeHo CpaBHeHHe JIMTOTO H CBapHOrO BapHaHTOB 
BepXHero KOJIbIla HallpaBJiatiomero annapata TypOuHb! BomwxcKkon TSC um. 
B. HW. Jlequua. Oxa3a0cb, To Ip CBapHOM BapHaHTe BEC eta YMeCHbIUHVJICA 
Ha 14,1 m. Ecau xe yuecTb NpHnyckH Ha O6paboTKy, KOTOPbie AaloTCcA JIMTHIM 
AeTasIAM CJIO%KHOW POpMbl, TO 9KOHOMHA B Bece cocTaBuT 50,2 m. BeneycrBue 
MeHbIIHX TIPHMyCKOB CBapHOH eTasiM 3HAYHTEbHO yYMeHbINaeTCA TakxKe H 
TPYHOCMKOCTb €e MEXaHH4eCKOH OOPabOTKH MO CpaBHEHHW C AUTOM erTaJibio. 
(3483 Hopmo-4 BMecTo 4524 Nopmo-4 JIA JIMTOrO BapHaHTa). Hakouell, eme 
OJHHM BaxKHbIM IIPeCHMYINeECTBOM CBA4PHbIX KOHCTPyKIMH ABAAeTCA TO, U4TO 
JIMCThI H COPTOBOH MaTepHad H3 TIpOKaTa MO3BOJIAIOT NOMNYCKaTb Oo/bIWHe Ha- 
filpa2xKXeHHA B MeTaJJie. BcweqcTBHe 3TOTO B HaCTOAUIee BPeCMA IIPHMeHAIOTCA 
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BMECTO JIHTLIX CBaPHble KOJIbILeBbIe MeTaJH. ckaovenve COCTABJIAIOT JIHILUb 
‘WeTanwwv Me@AKHX Typ6OHH HM HaCOCOB. 

Ha puce, VI.1 noxa3ano kpensennue kK Huy K KONbIIa o6nMnOBKE 7c HOMOUbIO 
-BHHTOB. 8. 

O6nunoBka 7 npuKpEBaer *acoHHEle OTBEPCTHA B HH2KHEl NOAKe KOJBIA 
HalpaBJsalomero amnapata 9, KOTOpHIe NIpeyCMOTPeHH! JIA NOAbeMa JONATKH 
HalpaBJAloulero antapata pu ee Zemoutaxe. IIpu KOHCTpyHpoBaHHH opMbl 
eTasu (OcObeHHO B JIMTOM HCNOJIHEHHM) HYKHO OOpPailaTb BHHMA@HHe Ha W1aB- 
Hble NepexOJbi eTasH 43 BEPTHKAJIbHbIX B TOPH3OHTAbHbe CTEHKH H Nepexosbl 
OT CTeHOK K @uanwy. Pe6pa HyKHO pacnoOwaraTb Tak, YTOOHI He ObIIO CKOTIJe- 
HHA MeTaJa B OTJCJIbHBIX M€CTaX, UTO BEeT K ocia6seHHIo ceueHusa HM NosBae- 
HHIO TpenHH. B npowecce H3rOTOBJeHHA H O6pa6OTKH AHTHIX NeTaseh COKHOK 
a) (pOpMbI NPHXOAHTCA NPHMeCHAThb TPyAOeMKHe pa- 
$6350 OOThI MO YyCTpaHeHHio fedeKTOB CTaJIbHOTO 
94900 JUTbA. 

Ha puc. VI.2 moKa3aHa cxeMa KDbILIIKH 
Ty POwHbI BomxcKont roc um, B. WH. Jlennnua. 
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Puc. VI.2. Kppka TYPOEEI BomxckoH TOC um. B. H. Jlenmita 


Ceyenve KDPbILLKH TypO6HHbI TOwKe UMeeT KOpOOuaTylo cdopmMy, HO Govtee 
CNOKHYIO, YeM ceyeHHe BepXHeroO KOJIbIa HalpaBAAlomero alnapata. 
TaG6apHTbt KPbILIKH TyPOHHbI MeHbIMe, YM BepXHerO KOWbIla. Ilostomy ee 
yaeTCA BLINOJHHTb H3 MeHbilero 4ucaa uacteH. Ha puc. VI.2, a, 6 npeycras- 
JIGH cBapHon BapuanT Kpbuuku. Bec wHToh KpHIIKH paBen 60 m. Uncrstii Bec 
CBapHOH KPbIMIKH COCTaBVIAeT 53,8 m. 3aroTroBKa cBapHod KPbIIKH BeCHT 
60,0 m, a nuTOH 78 m. Kpumika TYPOHHEI COCTOHT H3 HapyKHOH BepTHKaJIbHOn 
cTeHku /, Hapy2xHOro diana 2, BepXHeH MOIKM 3, KOHTYPHbIX peOep 5. 
HwxKHaa oka 4 uMeeT bacoHHyto o6TeKkaemy10 (opMy B CBA3H C TeM, 4TO OHA 
ABJIAeCTCA UWACTHIO MPOTOUHOTO TpakTa MaIHHbI. [losTOMy NpH CBapHOM BapH- 
aHTe H3TOTOBJIeHHe 3aroTOBOK H3 AHCTOB (JIA HH2KHeEM MOJKH, HMelolleh 1BON- 
KYIO KPHBH3HY, Ooslee CO%KHO, HX NPHXOMMTCA BHINOJHAT C TOMOLMLbIO WITaM- 
TNOBKH. B JaHHOW KOHCTPyYKUHH TYPOHHbI KPbIWIKa BOCIIPHHHM4eT He TOJIbKO 
aBleHve BOAbI CHH3Y, HO MH HarpyKeHa yCHJIHeM OT NOANATHHKA Ha BepXHIOIO 
NoKYy KpbIWIKH 3. TakHM O6pa30M OHa HaXOQHTCA TOA WeHcTBHeM OOVJIbILHX 
CKHMaIOMHX cH. IIpH KOHCTPyHpOBaHHH KPHIWIKH TypOHHbI HeEOOXOAHMO 
oO6pallaTh oco60e BHHMAaHHe Ha BbIOOp NPaBHJIbHOTO YHCAa H pasMepoB pebep 
MexKIy BepxXHeH H HH)KHeH NOJIKaMH KDbIILIKH. 

Ha pue. If.22—II.29 nokasanHbl paspes3bl NO NOBOPOTHOMONAaCTHBIM Typ- 
OHHaM C KPbIUIKaMH pas3HbIX BapHaHToB. IIpH ycTaHOBKe NOAHATHHKAa Ha 
KPbIWKy TyYpOHHbI HHOra MpHMeHAeTCA NpOMexyTouHaA onopa (puc. I1.28). 
EcaH NOAUATHHK yCTaHaBJIHBaeTCA HeMOCpeACTBeHHO Ha KPBIWIKY TYPOHHHT, 
TO BEPXHIOIO NOKY KPbIKH YyBeH4UMBAIOT M0 BhICOTe. Taka KpbIlIKa XOTH 
‘H MMeeT OOblHe Ta6apHuTbl HW BeC, HO, YUHTbIBAA JIHMKBHallHIO ONOPbI, KOH- 
CTPyKUHA B WeNOM NomyyaeTcA Sosee SKOHOMHYHOH. 
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ONnbIT 9KCNAyaTalluv Kpblwek Typ6HH, CHabKeHHBIX KOHTYPHbIMH peOpamu 
(puc. VI.2), a Take HaTYPHbie HCNbITAaHHA Ha PARe FTHAPOCTaHWHH NoKaszsaJn, 
uTO B rasiTenax pe6ep (B MecTaxX NepexOj,a OT BEPTHKAaJIbHbIX K TOPH3OHTAJIb- 
HbIM pe6paM) BO3HHKAaIOT BECbMa 3HA4HTeJIbHbIe HallpAXKeHHA, KOTOPble B He- 
KOTOPHIX CJLY"aHX MpHBOAAT K OOpa30BaHHio TpeuHH. Tlostomy B coBpeMmeH- 
‘HBIX KOHCTPYKILHAX CTaJIH IIPHMeHATb BMeCTO KOHTYPHBbIX CIJOWHbIe pedpa, 
B KOTOPHIX MOMyCKaloTcCA HeOOMbIUIHe OTBeEpCTHA. 
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Puc. VI.3. Paspes3 KpEWwKH payHanbHo-oceBoh TypOnHHH Byx- 
TapMuucKOH TOC 


Ha puce. II.17 BugHo paguvanbHoe ceyeHHe KpbILIKH TypOHHE BpatcKoni 
TSC, cuHa6xeHHoH ABeHaaTbIO OCHOBHbIMH peOpaMH, yCTaHOBJICHHbIMH 
B 30HE paCIOJIOKeHHA NOZUIMMHHKOB HallpaBJIAIOWIHX JIOMAaTOK. | 

Ha puc. VI.3 npHBOAHTCA panuasbHbi paspe3 KpbILIKH Typ6uAbI Byxtap- 
muucKon TSC (D, = 4,1 mw; H = 65,5 m; N = 77 000 Kem). Sra kppiuiKa 
HMeeT JBeHANMAaTh CNMOWHbIX payWasIbHbIxX pedep. oo 


2. BbIBOP PACYETHOHM CXEMbI KOJIDIIEBbIX JETAJIEM 
C OCECHMMETPHUHOH HAIFPY3KON 


IIpu pacuere Ha MpOU4HOCTb KOJIbIeBbIe AeTasiH (BepxXHee KOJIbIO Hallpas- 
Jisiowmero ammapaTa WM KPpbIWIKa TypOHHbI) pacCMaTPHBalOoTCA KaK KecTKHe 
KOJbILa, CKPYUHBAIOMLHeCA OT JEHCTBHA THApaBsIMyeCKHX H BeCOBBIX Harpy30K 
(puc. V1.2). [Ip stom Jo HezaBHero BpeMeHH HalipAKeHHA B peOpax He onpere- 
AAIHCb. ORHAKO OMIT SKCIYATAIHH KpbillieK TYpOHH Ha HeEKOTOPBIX rHApo- 
CTaHUHAX MOKa3aJ1, YTO peOpa KPHILIKH B yrvlaX HMeIOT 3Ha4HTeJIbHbIe MecTHbIe 
HallpAKeCHHA, KOTOPHIe BLISbIBaIOT TpellHHbl. []osTOMy CTaJIH NpHMeHATb Ooviee 
TOUHbIC METOAbI pacueTa 3THX JeTasieH Cc yueTOM HallpsAxKeHHH B peOpax, MpOBoO- 
JMTb OpeweseHun PakTHYeCKHX HalpAKeCHHH B HHX HA MOJeNIAX H B ACHCTBH- 
TCJIbDHbIX YCTAHOBKaX. ¥Y KA3aHHble METOJbI pacueTa WH AaHHbIe 9KCIMeCPHMeHTAb- 
HbIX HCCAeAOBaHHH NOApPOGHO OMvcaHb B NepBOM H37aHHH KHUN «lHApOoTyp- 
6vuHpH —ri. VI, n. 40. | | 

~PacueTHan CXeMa KOJIDILEBbIX JeTaJeH 3aBHCHT OT COOTHOWICHHA MexKy UX 
OCHOBHBIMH pa3MepamH. Ha puc. VI.4 noka3aHbl pa3/IH4HbIe BOSMOXKHbIe 
BapHaHTbI KOJIbIeBbIX JeTaneh (AIA MpOcTOTh! nomepewHoe ceyxeHHe IIPHHATO 
IIPAMOYIOJIBHbIM, XOTA OHO MOXKET ObITh MPOH3BOJIbHBIM). 


Ecau A > 1 (puc. V1.4, a), To ReTamb paccMaTpHBaeTcA Kak OO0JI04KAa; 
TIPH 3TOM BBOANTCA FHmoTesa O IPAMOH HOPMAJIH N WH YAHTHIBaeTCA H3rHO B Ha- 
[paBeHHH OCH z (MOKa3aHO WITpHxXOBOoH HHHeH). Ecan 5 a <1 (puce. 
VI.4, 6), TO JeTalb paccMaTpHBaeTcA KaK KOJbILeBaA IITA, IIpH 3TOM BBO- 
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AUMTCA PHNOTe3a O NPAMOH HOPMAaJIH nN, MH YUHTHIBaeTCA H3rHO B HanpaBAeHHH 
payuyca r (oKa3aHo WTpHxoBOH AHHHeH). Ecnu-——— => 1 (puc. VI.4, @), To 


JeTasib pacCMaTpHBaeTCA KaK KOAbUO, IPH 3TOM MOIKHO OJHOBPeMeHHO BBeCcTH 
o6e yKa3aHHble BbIWIe PHMOTe3bI: O MPAMOH HOPMAaJH 1H O.IPpAMOH HOPMAaJIH Ny. 
ITO COOTBETCTBYeT AOMYINEHHIO, ITO CeYeHHE KOJIbILa He AE*OPpMUpPye}’1ca, a AMILIb 
nepememjaeTca Kak 2KeCTKOe Wesoe (MOKa3aHO LWITpHxOBOH HHHeH). Takum 
o6pa30M MbI IIpHXOJUMM K CXeMe KeCTKOPO KOVJIbIMa. 

Bowbwiok 1pakTHueckHH HHTepec HMeeT BOMpPOC O Hpeweiax MpHMeHAeCMOCTH 
pelieHHA, OCHOBaHHOLO Ha CXeMe 2KeEcTKOLO KOJIbILa. [Ipodeccop MH. A. Buprep 
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Puc. VI.4. Cxembl nonmepeyHbix ceyeHHH KOJIbWeBbIX eTaei 





, ) h 
B paOote [9] ormeuaeT, TO yKasaHHoe pellieHve MPHMeHHMO, eC 7—-— > 


> 0,2. Jina o6bHbIX KOHCTPYKILHA KOJIbIIEBLIX JeTaneH THAPOTyp6HH OTHO- 
weHve MX BbICOTHI K LWMpPHHe CeyeHHA M3MeHAeTCA B Mpefenax 1 > gaa 


> 0,4. Hlosromy ya pacueta KpbllieK c ycmexoM Hcnomb3yeTca pacueruas 
exema >KecTKoro Koubua [23]. | 

HeyaByo noxsuaHch pabotTn [2, 101], B KOTOpEIX QA pacueTa KDbIIIKH 
UCNOMb3SyeTCA TEOPHA TOHKHX OPTOTPONMHbIX MJIHMT, YTO TO MHEHHIO HX aBTOpa 
NO3BOJIAe€T YTOUHHTb pacueT. Baie OblI0 NOKa3aHO, YTO TOJIIMHHA KpbILWIKH 
OObI4HO HMeeT TOT Ke NOPANOK, 4TO H ee wHpHHa. TlostToMy NpuMeHeHHe WIA 
pacueTa KPbIlleK TeOPHH TOHKHX IIHT ABJIAeTCA HelemecooOpa3HbiM. 

Bmecte c TeM BCTpe¥aloTcA KOHCTPyKIUHH KPbIUIKH, iA KOTOPbIX OHH 
H3 Pa3MepOB CeyeHHA Ma TO CpaBHeHHIO C pyrHMH pa3mMepaMu (KPbILIKH 
‘© COBMeINeHHOH Onopon natn). Jaa pacuera Takux KOHCTpyKuHK B UKTH 
uM. VW. HW. WonsyHospa ucnomb3yetca TeOpHA OPTOTPOMHEIX (T. e. opeOpeH- 
HBIX) O6ON04eK BpalleHHa. 


3. SOPMYJIbI AIA PACYETA KOJIbLIA 


Hwxke TIPHBOJATCA OCHOBHBbIe€ pe3yJIbTaTbl HCCMeOBaHHA OCeCHMMeTPH4- 
HOH JeoOpMallHu KOE, paccMOTpeHHOH B pa6otax [2, 6, 23, 37, 96]. 

PaccMaTpHBaeTCA KOJbIO NMPOH3BOJIbHOrO TonepeyHOoro ceyeHHA, HaXOA- 
WweecA NOX WeHcTBHeEM PaBHOMEPHO PaciipeseseHHbIX 10 OKPYXHOCTH pagnyca R 
paaWasbHOH CHJIbI p HW MOMeHTa m (puc. VI.5). B nonepeyHbix ceyeHHAX KOJIbILa 
BOSHHKAIOT HOPMaJIbHaA CHa P, 4 u3rH6atoujHH MOMeHT M,, KOTOPbie onpeje- 
AAIOTCA H3 YpaBHeHHH PaBHOBeCcHA: 


P, = pk; | 
MoM mR (VI.1) 
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IipH HanpaBsieHHax p Hm, ykKa3aHHbIx Ha puc. VI.5, cuna P, coKuMaeT 
ceyeHHe KOJIbILa, @ MOMCHT M, COKHMaeT HHKHIOIO H PacTATHBaeT BePXHIOW 
4waCTH Ce4eHHA. 

PajHalbHoe yipyroe tepememjenve ceYeHHA KOJIbIa Wy H yrOA NoBopota 
ceyeHia 8 onpeyeAioTcnA m0 ‘PopMystam: 





uy Pt. 
0" “Fi ? 
V1.2 
Mm (V1.2) 
— En? 


rye &£ — MOJYyJlb HOPMAJIbHOH ynpyroctH MaTepHana Kouba; l un — reo- 
MeTpHYeCKHe XapakTepHCTHKH CeYeCHHA KOJIbIa, ONpeseAeMble KAK HHTETpabi 
moO nNvoujaqH ceyweHHa Kouba F: 





(V1.3) 





KoopauHaTa Z OTCUMTHIBAeTCA OT HEATPAJIbHOH AHHHH KOvibila y (puc. VI.5), 
KOTOPad HAaXORHTCH H3 YyCJOBHA 


dF — | 
s= | — = 0. (V1.4) 





Jaa 1pakTHyeckoro BbIdHceHHA / Hn cedeHHe pasOHnBaeTCcCA Ha R BCIIOMO- 
raTeJIbHbIX IIPAMOYIFOJIbHHKOB BbICOTOH h;, OFPaHHYeHHbIX paMycaMH a; 





é 
Puc. VI.5. Cxema nwarpyxeHHA KOvbIa 


Hu O;, IpOBOAJHTCA NPOH3BOJIbHaA OCb OTCUeTa OO H HAXOAATCA paccTOAHHA 
IGHTPOB TAXKECTH MIPAMOYIOJIBHHKOB Z; OT OCH oO (pue. VI.5). Satem nyTem 
HHTerpHpOBaHHA B NpeswewaxX Kaxk Oro yuacTKa OpefesAwTcA XapakTepH- 


CTHKH: 
ke 
= Dy, 


il 


k 
So = y) zhi In 2 : 
i=l 
h2 f 
Ny = ym In = a (8 +2), 


_ i=l 


} 





(VI.5) 
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KoopiuvHata HwelTpanbHOH OCH Z, H XapakTepHcTHKH nul onpeneamorca 
BbIpa2KeHHAMH: 


i= Th? 
t= flo — £050; (VI.6) 
l ~~ Ly. | 
Ecau BCNOMOraTeJIbHbIe IIPAMOYFOJbHUKH ABJAIOTCA NOCTATOYHO y3KHMH, 
b; b; b; — a; 
TaK 4YTO OTHOMeHHe —— =~ 1, To In af —_— HM dopMyvibi (V1.5) 3Ha4H- 
i i 


T@JIbHO YIIPOWLaloTCA: | 


=|- 


th 





“Ee 


i=1 


or 


i 


a 





(V1.7) 


i=1 


2 
F;. 79 h* 
Ny = Fi (4, an 


ri 
1 ) 

TaHreHi\HaibHoe HOPMaJbHOe HallpAxKeHve B KOJbIe Tp NpHvHATHIX 
NOJOMKUTCIbHBIX YCHIHAX OnPeneaneres mo dopmysie 


Mt. fel (V1.8) 


6, == es i Fal — “cteetololiees. “i 


n re [ r 


oo 


i 





Eciim pa3Mepbl CeYeHHA KOJIbILa MaJIbI. 10 cpaBHeHHlo C pawuycom WeHTpa 
TAXKECTH Ce4eHHA rp (KPHBOM cTepxKeHb MasOH KPHBUSHEI), TO HpHBeHeHHEIE 
BbILNe POPMY bl MOXKHO YIPOCTHTb: 


ed 





(V1.9) 





CnreloBaTebHO, IPH pacyeTe KOJIbIa MaJOH KPHBHSHbI MOXKHO OfpaHH4H- 
BaTbhCA ONPeeseHHeM. OOBIUHHIK TeOMeTPH4eCKHX XapaKTepHCTHK ero None- 
peqHoro:ceyeHHA — naomjagH F 4 MOMeHTa HHepILHH J OTHOCHTebHO HEHTPaJb- 
HOH OCH. HettpasibHanA OCb y B STOM CALy4ae NpOXOZHT Yepes WeHTp Ts2KeCTH 
ceqeHHa (Tak Kak CTATHYeCKHH MOMeHT CeyeHHA S paBeH HYJIN). 

B pa6ore [6] noKasaHo, 4¥TO Kpome H3rHuGatomjero MOMeHTA M, = —M;, 
KeHCTBYIOWerO H3 MJOCKOCTH KPHBH3HbI, B KOJbIaXx BOSHHKaeT TAKxKe 
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mMoMeHT M,, AeHCTBYIOULHA B NMOCKOCTH KPHBH3HBbI KOMbIa (PHC. VI. 5). Ecam 
OCb 2 MpoBecTH TaKHM OOpa30M, 4TOOHI 


f= [+ =0, (a) 


F 





TO MOMeHT M,, BBISbIBAIONLHH pacTameHHe HapyKHbIX H C)KaTHe BHYTPCHHHX 
BOJIOKOH, MOXKHO ONpeeCNHTb H3 BbIPaKeHHA 


M,=— | oy dF. 
F 


IlonctaBaaa 3HayeHHe o; lo (VI.8) H y4HTHIBan ycoBHe (a), Nowy4HM 
S 
M, = M,—, (6) 
rye 


nf ft 
S = — Soo + 2h F= hi Fs So-o = 3 F ;z;. 
=1 i=1 


Tlonomenne ocu z (puc. VI.5) onpenenaerca no dopmyate 


d=—, (B) 


rye d — paccToaAHHe oOcH y. OT OCH BpalleHHA TYPOHHBI. 
Moment M, Hy2keH JIA pacuera CTLIKOBOTO COe@AHHeEHHA KPBILIKH (CM. HHXxe). 


4. OMPENEJIEHHE NEPEMEWEHHA HW TAHPEHUMAJIbHBIX HANPAKEHHA 
B KPbILIKE HW B BEPXHEM KOJIbILE HANPABJIAIONIEFO AMMAPATA 


Pa3mMepbI NMonepewHoro CeYeHHA KPbIWeK TYPOHHbI BeJIMKH NO cpaBHeHHIO 
C paqHycoM ee oceBoH JIHHHH. [JosToMy AIA ONpeweeHHA TAHTeHIHaJbHbIx 
HanpsXKeHHH B KPbILMKaX ClelyeT NOIb3OBaTBCA opMy.oki (V1.8). CymectBy- 
rou Np HOAWKeHHBIH cnoco6 pacueTa, OCHOBaHHBIM Ha NpHMeHeHHH dop- 
my (VI.9), gaer 6oNbIylo morpemmHoctTp 
NpH BeCbMa He€3HAYHTeENbHOM yIIpomeHHH 
pacyeta. B cBxA3H C 3THM He CyIeqyeT MpHMe- 
HATb NpHOMHKeHHbIH cnocoO pacueTa KDpHI- 
Wek. 
laa ucnonp3s0panua dopmysn (V1.8) 
MpeABapHTeJbHO HeOOXOAHMO OlIpeyeJIuTb 
XapakTepucTHkH nu 7 u ycuuna M, u P;. 
Bpuncienve 3THX BeJHYHH MNpOHJJIOCcTpH- 
pyeM Ha NpumMepe THNHYHOH KPbIWIKH NOBO- 
pOTHOJIONAaACTHOH YFHApoTypO6unE, nmpeycra- 
BJICHHOH Ha puc. VI.6. Ceuenne KpbillKH pa3- 
Puc. VI.6. PanWanpHoe ceveHte §ypaerca Ha 13 MpAMOYFOABHUKOB, JAA 
KPbIWIKH rHAporyp6uHubI 
-  Kaxkgoro H3 HHX ONpegeanetca sBpicota h;, 
nwiouatb fF; H paccTOAHHe WeHTpa TAKECTH NO HaYasa OTCUeTOB — JIMHHH O—0, 
3AaTeM IIPOH3BOAATCA BHIYHCICHHA 10 PopmMyviaM (V1.7). S3amMeTHM, 4TO HaKJIOH- 
Hble HpAMOYFOJIbHHKH 5—S TpaBusbHee ObIIO Obl PaCnOMOKUTb BEPTHKAJIbHO, 
OXHAKO 3TO MeHee YJOGOHO JIA BHIYHCIeHHA HX NwOMmazeh. Cnekyer HUIb y4H- 
THIBaATb, YTO JIA YKa3SAHHbIX HAKJIOHHbIX NPAMOYFOJIbHHKOB NOx A; HMeeTCH. 
B BHAY MpOeKIHA HX BbICOTH] Ha BEPTHKAJIbHY!O OCb Z. Kpome Toro, OTMeTHM, 
4uTO HaJIHaHe CJIMUIKOM LWHPpOKHX MPAMOYFOJIbHHKOB (HalipHMep, 9 u 1), 
WIA KOTOpbIX 5; >> a;, MOMKET BHECTH 3HAYHTEIbHYIO MOFpelwiHOCTb B reoMe- 
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TpHueckHe XapakKTepHCTHKH, TaK KaK JIA HX Inzé. = (cM. BBItle). 


IlosToMy WHpOKHe IIpAMOYIFOJIbHHKH Jyume 3aMeHuT ABYMA UWJIM HECKOJIBKHMH 
Oolee yY3KHMH. 

Ha Kpbiliky TypOHHbI H Ha BepXHee KOJIbILO HalipaBJAlouleroO annapata 
NeHctByeT Gobwo0e YHCIO HAarpy30K; MpH 9TOM Harpy3KH H3MeHAIOTCA B 3aBH- 
CHMOCTH OT pexKHMOB paOoTEr ruzpotyp6uH. Tlostomy oOplHO paccmaTpH- 
BalOT H€CKOJIbKO PaCcueTHBIX C.y4aes. 

1. Kppuuka moBOpoTHOONAacTHOH PHLpoTypOuHbI paccuHTLIBaeTCA Ha 
Ba Clyuaa Harpy30K: MIpH HOPMaJIbHOH paOoTe TypOHHbI HW Mp BHe3amHOM 
3AKPhITHH HalipaBJiAlowlero almapata 
BceqCTBHe cOpoca Harpy3KkH. 

CxemMa Harpy30K Ha KPbIWKy. MpH- 
BOJMTCA Ha pHc. V1.7, rae Hcno1b30- 
BaHbl Cuieqyloulve OOO3HaYeHHA: 

Pi Pp. — AaBNeHHe BOJHI 
| Ha KPbIlky Typ- 
OHHBI MO KOVJIbILY 
D,—Ds; | 
D, — MMamMeTp OKpyx- 
-HOCTH, rye pac- 
MOJOKEHHI OONTHI 
plana; 
D, — (Wametp Basa; 
Pye — oceBoe ycHvIHe 
Ha pa6oyuee KO- 
Neco; 
R,, Re — peakIWHH OOJTOB; 
G, — BeC KpbIIKH Typ- 
OHHH; 
G, — BecoBaa Harpys3- 
Ka, Nepeyaroiraa- 
CH ONOPOH MATLI Puc. V1.7. Cxema Harpy30K Ha KDBILKY 
(Bec TeHepaTopa, TYyPGuHE! noBoporHosonacTHOH rugzporyp- 
pa6ouero KOue- OHHH] MPH HOPMajbHOH paGoTre (a) H NpH 
ca, Bala Typ6u- _ BHe3aMHOM 3aKPHITHH ~—»- HaNp aBsIA}oUero 


HbI,ONMOPbI IAThI) ; annapara (6) 
G,— Bec perynupyiwmero Kouba c¢ oMnopod; 
G, — Bec HalpaBAIoulero NMOMMWMNHHKAa H KOHYCa KPbILUKH; 
G, — Bec CepBOMOTOpOB (eCJIHM OHH yCT@HOBJIeHbI Ha KPbILUIKe 
TYPOHHbI); 
D,,Ds, D;,D,,D,; — AWaMerpbl OKpyXHOCTeH, 10 KOTOPHIM JeHCTBYIOT COOT- 
BeETCTBYIOWHe BeCOBble Harpy3KH; 
t, l,g,6,D — pa3meppht deMeHTOB KDDIIIKH. 
apnenHe p, OlpelerneTca no gelcTByioulemy HaNOpy KaK Ppa3HOCTb 
MAaKCHM@JIbHOH OTMeETKH BepXHero Obetba H OTMETKH HHKHEFO NOACA KPbILIKH 
TYPOHHBI C YYeETOM CKOPOCTHOrFO pa3pAxKeHHA 


pi= (H, —) y KI'/cm’*, 


Db; — Q 
aj 





roe H, — pa3HocTb OTMeTOK BepxHero Obeda u HanpaBssmoulero annapata; 
U — CPpeqHAA CKOPOCTb B 30HE HallpaBsiaroulero annapata. 


Jlapaenve p, onpeyensetca NO BaKyyMy MOA KPbIWIKOH, KOTOPHIA NpuHH- 
MaeTCA OObIMHO paBHbIM 5-—~—10 x. 
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Jia KpbIMIKH, OOfbEIHHEHHOH C BePXHHM KOJIBILOM, CXeMa eHCTBYIOUNINX 
Harpy30K npuHBeyena Ha puc. VI.8. Saecb AONOJHHTeEIbHO HAO YYIHTHIBAaTb 
Bec JeTanet HafipaBaArourero amnapata G, H WaBsieHHe Nepey HallpaBJIAlOulHM 
alnapaTOM C y4eTOM MOBBIMIeHHA WaBJICHHA Po. 

2. Kppiuka payHanbHo-oceBoh rHuApOTypOvHEI paccuHTHIBaeTCA Ha TPH 
cilywad Harpy30K: HOPMabHan pa6ota; cO6poc Harpy3KH H CpHIB naOupuHT- 

| HOFO yIIOTHEHHA. 
4) Dy Cxema Harpy30K IIpHBOAHTCA Ha pH. 
| i VI.9, rage G, Bec HalpaBsaiomero anma- 


Dp, Ds pata; G, — Bec HalpaBaAAtomero NOAWHT- 

R| -——). HHKAa; qi, 72 — JaBleHHe 3a aOHpHH- 
, TOM IIPH pa3HbIX C1y4anx pa6orHi. 

3. BepxHee KOJbIO HallpaBsa1olle©ro 


. annapaTa paccCuHTLIBaeTCA AIA HOPMaJb- 
P, HOH pa6oTbt H BHeE3aMHOTO 3aKPbITHA Ha- 
npaBJiaioulero alnmapata. Cxema uHarpy- 
30K 0Ka3aHa Ha pHc. VI.10. 
5) CyMMapHas BecoBand Harpy3ka Ha 
BepXHee KOJIbILO 


G — G, + Go + Gs, 


rye G, — Bec BepXHero KOVIbIa; 
G, — Bec JIOMaTOK HallpaB.Aio- 
mero alnapata; 

G, — BeC pbI¥aroB, NOAWHNHHKOB 

H Mpounx erase; 
Pi, Po — AaBseHHe BOAL NpH HOp- 
MaJIbHOH pa6Oote H IIpH BHe- 
3aMHOM 3aKpbITHH Hanpas- 





Puc. VI.8. Cxema Harpy30K Ha KpbIUky Antero altapata, 
TYPOHH, OGbeHHEHHYIO C BepXHHM g — aBjleHve Bob (BakyyM) 
KOJIbIOM HallpaBsAONLero alliapata, pH 3a HallpaBJAIOWMM alma- 


HOP MaJIbHOH pa6ore (a) H BHE3aNHOM 3aK- 


PbITHH HalipaBssioulero annapata (6) paTOM IIPpH ero BHe3allHOM 


3aKDBbITHH; 

R;, Ry — peakiHH. 
Bee yKa3aHHble BbIlle Harpy3KH MOXHO IpMBeCTH K CHCTeMe pala bHbIX 
cut P,,, P,2,. . -, WPHMOMKeHHBIX Ha PaCCTOAHHAX 2,4, Zpo,-. -, OT HEHTPavib- 






A 


Puc. VI.9. CxemMa Harpy30K Ha Kpblu- 

KY PaqHabHO-OceBOH FHApOTypOHHH 

pH HOPMa/IbHOH paGote (a), BHesall- 

HOM 3aKPHITHH Hallp aBJisioulero anma- 

pata (6) H cpbiBe a6upuHTHOrO Yyn- 
JIOTHEHHA (6) 
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HOH OCH Ce4eHHA KObIa 7, H K CHCTeMe OCeBbIX CH P2;, Pro, . - 
HBIX Ha PaNMyCaX p14, Tye, -- +> (puc. VI.11). 

Ip 3TOM JeHcTBHe paBHoMepHon Harpy3kKH g, pacnpeeneHHOH NO KOVJIb- 
Ie@BOH MOBepXHOCTH, orpaHHueHHoHu OKPY2XKHOCTAMH PpaHycoOB 7, H Fr., 3aMe- 
HACTCA CTaTHYeCKH 9KBHBA- 
JIGHTHOH CHJIOH 


P,=19(r3—Tr}), 


IIpHJIOHKeHHOK NO OKPYyXKHOCTH 
paguyca, 


., TIipHwoxKen- 


rye 





Puc. VI.10. Cxema Harpy30kK Ha BepxHee KOIbIO Ha- 
paBAAloulerO alilapata NPH HOPMaJIbHOH pabote (a) 


Feu Japsenue q ACHCT- 4 npW BHesaNHOM 3aKPHITHH HallpaBaAsiomero anna- 
ByeT Ha BepTHKaJIbHbIH HJ pata (6) 


HaKJIOHHBIA yyacTOoK 6OKOBOH 
NOBEPXHOCTH KDbILIKH, TO TOPH3OHTaIbHaA COCTABJIAIOULaA CH WaBseHus 
3QAMCHACTCA CTATHYeCCKH ZIKBHBAJICHTHOH eH CHJION 


22 


P, = 2nq\ r dz = 2nqQ, 


21 


roe 2 — nojOBHHa NAOWaly NPOeCKUHH HAKJOHHOLO y4acTKa GOKOBOH NOBepx- 
HOCTH KDpbIllIKH Ha ee AHaMeTpaJibHoe ceyeHHe (puc. VI.12). 






Se ne on 





Puc. VI.12. K onpegenenno pa- 
Puc. VI.11. Cxembl 3KBHBaJICHTHBIX JMaJIbHbIX Harpy30K OT JelcTBHA 
‘Harpy30K Ha KPbILUKy ruApoTypOuHyl aBJIeHHA g . 


Ycuahe P, 1punox*KeHo B WeHTpe TaxKecTH nomanH 2. B uwacTHOcTH, B cJy- 
yae aBJIeHHA BOJbI Ha WHJIMHApHYecKyi0 NOBEPXHOCTh pawMyca 7 H BEICOTOH h 
niomatb {2 = rh wu MOpMya AA TOPH3OHTAaIbHOTO yCHJIHA NpHHuMaeT BHA 


P} = 2nqgrh; ono IpwsoxwKeHO NocepesquHe BBICOTH! WHIHHApa Ah. 

IipumMem 3a NOOKHTebHOe HallpaBsieHHe cH P,,; HallpaBJieHHve K LWeHTPy 
KPHBH3HbI KPbILIKH, a 34 NOMOKUTebHOe HallpaBseHHe cH P,; — HanpaBJe- 
HHe BBepx. Torga peakuHa R, BO3SHHKaloOmadA Ha OMOpe KPbIMIKH, onpee- 
NHTCA KAaK CyMMa 


Rk | 
R= Dy Pui. 


i=1 
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BpipaxkeHHA JIA HHTCHCHBHOCTeH CHJI H MOMCHTOB BAOJIb OCH KOUJIbIa 
OyayT MMeTb BHI: 





J 
— P, . 
oo Bare (VI.10) 
m= = : 
2ury ” 
rye Py H M; — cyMMapHble pafvalbHan cua pagquabHbii MOMEHT, 
| JeHCTBYYOULHe Ha KOVJIbILO; 
bo Pr =) Pris 


(VI1.11) 
M; = d PriZpi +») P,;! jr 


rye l; = ry — fp; — evo cunt P,,. 
HopMaibHad CHa WH H3rHOalouIuH MOMeHT B Ce4YeHHAX KOJIbIla, COrmacHo 
(VI.1), BLIpaxkaetca no dopMyuiam: 





p? 
r 
Pr = on ? 
0 (VI.12) 
r 
Mt Qn’ 
a ylipyrne nmepemenleHHA CeYeHHA KOVIbILa: 
| 0 
d, = i 
0°" OnEL? V113 
~- OnEn ? 


rye KOSPDHIUHeEHT G@ YU4HTbIBAeT BJIMAHHe (hlaHUeBbIX COCAHHEHHH KPbILUIKH 
C BeEPXHHM KOJIbIIOM HallpaB/AloOWlero alMapaTa H BePpXHeFO KOWJIblIla CO CTa- 
TOpoM (cm. 1. 8). 

Tloyctapaasa (VI.12) B (VI.8), nonyuuM dopmyay AA Hamp aKeHHE 


= —p~t 2 ate. _ (VL.14) 


3Haa yroul WOBOpoTa KOvIbIa 8 H YYHTHIBAA, YTO OHO ONepTO NO OKpyxX- 
HOCTH 7,, JIETKO NOJYYHTb BbIPamKeHHe WIA BePTHKAJIbHOTO TMepeMeLeHHA — 
TO“eK KOJbIa 


aM? (r, - r) 


a (VI.15) 


w= O0(r,—r) = 
Han6oupuui nporn6 umeer MeCTO B TOUKe, COOTBETCTBY!OINeH BHYTPeH- 
HeMy payHycy KOJbla 


oe Me lu Ten) (VI.16) 
max 2nEn ° 
JIMcTbI HHOKHETO NOKCa KPbIMIKH Ha y“YacTKaxX MexKAYy peOpaMH He TOAbKO 
IIPHHUMAIOT yuacTHe B paOoTe KPBHILIKH KaK KOJIbIla, HO H HCIbITbIBaIOT MECT- 
HbIH H3rH6 OT AeHCTBHA WaBsMeHHA BOI. TlostTOMy MA OWeHKH NpOuHOCTH 
HHKHETO NOACAa K HalIpAXKeHHAM, BbIYHCIEHHBIM NO d@opmyvie (VI.14), Heo6xo- 
MMO OOaBHTb MeCTHbIe€ HallpAKeHHA H3rHOa. 
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YUNTbIBAA, ITO peOpa ycTaHaBJMBaIOTCAH AOCTATOUHO 4acTO, ‘JIMCTbI Ha 
ydacTKax Mexky peOpamu MpH61H2KeHHO MOXKHO PacCMaTPHBATb Kak 3allleMJIeH- 
HbI€ M10 KOHTYPy NPAMOYFOJIbHbIe IVIHTbI, YTO HAeT B 3anac mpouHoctu. He- 
NOJIb3yYA PelWeCHHA AIA MPAMOYFOJbHOH MIMTHI, MPHBOAMMBIe B pabotax [9, 
80, 91], nonyaum cnenyromee BbIPaxKeHHe JIA MAKCHM@JIbHOrFO TaHreHIlHaJb- 
HOrO HalpAKeHHA Ha KOHType NocepequHe AJIMHHOK CTOPOHbI, mpH u3rn6e 
NJIMTbI OT Harpy3KH PaBHOMePHO PaciipeeeHHLIM WaBJeHvem Q, 


Snax = hog (=~), (VI.17) 


rye @— KOpOTKaA CTOPOHa KOHTypa IMVIHTHI; 
h — TOMMMHAa WITH (uCTa); 
Rg — Oe3pa3sMepHbIi kKoadpHUHeHT, 3aBHCAIHH OT OTHOMIeHHA CTOPOH 


KOHTypa NUT y = 2 (Ta6n. VI.1); 
6 — WIMHHaA CTOPOHa KOHTypa MJHTHI. 
: Ta6auna VI.1 


Snayenne Ky 


_ 2 
Y=G 





1,0 | 1,1 | 1,2 





1,3 | 1,4 | 1,5 | 1,6 1,8 2.0 


kg | 0,310 | 0,332 | 0,367] 0,401 0,487 0,497 

















0,428 | 0,452 | 0,468 








YUHTbIBaA, UTO pasMepbI NOMepeyworo ceyeHHA BepXHero KOAbIa HalpaB- 
AmiOuleroO alnapaTa 3HauHTeJIbHO MeHbIle pawuyca ero oOceBOi JIMHHH, WIA 


pacueTa NoceqHero BIOJIHe MOXKHO NPHMeHHTb MpHOHKeHHbIe POpMYJIbI 
(V1.9): 





pMoz = P® 
= — = —  : 
20d QnF ? : 
BM? . (VI.18) 
9 —_ ro oe 
QnEJ ? 


rye Kosppuuvent B yunTpIBaeT BAMAHHE dlaHeBblx COCHHEHHH (cM. 1. 8). 


5. PACYUET PEBEP H ®JIAHIJEB KPbILIKH 


AByMA palwanbabimu ceyenHamu J—J u JI—IIJ u3 KppiwiKu Bblpesaetca 
ceKTOP, CONep2xKallHh OfHO pe6po (puc. VI.13). Cexrop naxoyutca B paBHOBe- 
CHH NO AeHCTBHeM BHELIHUX Harpy30K HW YCHAHH, BOSHUKaIOUIAX B CeveHHAX 
paspe3a. Buelinve cub, AeHcTByloujHe Ha CeKTOp: | 


l 


Pri =a Pai (VI.19) 
R=—_R, 


rye P,;, P,;, R — nNonHble Harpy3KH Ha KPbIIKy, OMpesemenuble B Npesbizy- 
mleM Naparpace. , 
k — 4HCIO paqHabHbIX pe6ep KDPbILUKH. 
B ceveHHaAx pa3pesa JelicTBy!IOT TaHreHIHasbuble HAaNPAXKeHHA O,, OTIpe- 
jeadembie 110 dopmyvie (VI.14). Mono cuntaTb, uTO B Mpeqetax KaxKOrO 
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M3 BCIOMOFaTeAbHbIX MPHAMOYFOJbHMKOB, HA KOTOpbie pa36uTO ceyeHHe 
KPbILUKH, HanpAxeHve 0, = const H paBHO HalpAXKeHHIO B WeHTpe TAxKECTH 
i-TO IpAMOyrOJIbHHKa. Torga Ha KaxkK{bIi NPAMOYFOJbHHK OyyeT AeHcTBOBAaTh 
cHuia 


aM? 2i;F; PY F; 








r 
Py = OF, = — Onn orgs ed r;’ (V 1.20) 
NPHIOKeHHaA Ha PacCTOAHHH Z,; OT HeliTpambHO ocH ceyeHHA 
ne? 
_ é V1I.21 
eri —_— Li —{- “122; — Pn . ( ) 


n 
a bey 





IIpoexuun cua T, Ha WOCKOCTb pe6pa coanaror cucTemy cua Q;, HalpaB- 
JIQ@HHBIX TapaJJIeIbHO HeHTPasbHOH AHHHH ceueHHua (puc. VI.13). 


Jt 
Q; = 2T; sin —- . 


YUHTHIBAA, 4YTO IPH NOcTAa- 
TOUHO OO/IbWIOM 4HCIe pebep 


° JL Jt 
Sin -e ~~ -? H HCIOJIBSYA BBbI- 


paxenHe fia 7; 10 dopmyase 
(VI.20), no.zyaHM 








Q, = — Me eh 
a nr li 
p? F; 
l 
Tr 7, (V1I.22) 
Puc. VI.13. K onpezenenHuio Harpy30K Ha pe6pe ByteM pa3JIH¥4aTb  KOH- 


KP BILIKH CTPYKIHH KDPbIMeK CO CIVJIOLI- 


HbiMH H KOHTYPHbIMH peOpaMu. 

Ha puc. VI.3 noKka3aH pa3pe3 ONHOH H3 THNHYHBIX KPbIleK paqvasbHo- 
OCeBHIX THAPOTYp6uHH COC N TOM HEBMH peOpanmM Hu. PeOpa moryT HMeTb 
HeOObuiHe Kpyrible OTBepCTHA, AHaMeTP KOTOPBIX MaJI NO CpaBHEeHHIO C N0- 


NepeuHbIM CeUCHHEM KPBILIKH. Ha pucyHke NokasaHbl Harpy3ku P,;, Pi, R 
u Q;, HeHCTBylOULHe Ha BbIPESAHHbIM H3 KPbIIKH CeKTOp C peOpoM (AIA cH Q; 
NOKa3aHO MOJOXKHTebHOe HallpaBwseHHe). — 

IIpu pacuete npon3BoAnTcnA npoBepKa mpounocTH B pxe OMacHbIx ceuye- 
Huw cextopa: /—J; [[—II u ap. Tleppoe omacnoe ceyenue (/—/) Bri6upaetca 
B 3ajeike (ania, OCTabHbIe OMACHble CeYeHHA — B HaHOoO/lee TOHKHX Me- 
CTax KPHUIKH HAH B MeCTaXx, OCaOMeHHbIX OTBeEPCTHAMH. 

Y Ka3aHHble cCeyveHHA OasIKH NpHONHKeHHO PaCCMATPHBaloTCA Kak TaBpo- 
Bhie (/—/ u /J—I1) unu DByTaBpoBble. MakcHMaJIbHbI€ HOPM@JIbHbIe HalpsA- 
*KEHHA B STHX CCYEHHAX OMpeMeAIOTCA NO H3BECTHBIM dopmMyvlamM via H3rH6a 
OaJOK: 

Mit. } 
Oj_| = V1. 1? 


M | 
on = (vL28 








* ° s * s * 


ree My}, Myo, Wi-1, Wu — “3ru6alouyHe MOMeHTbI H MOMeHTBI CO- 
IIPOTHBJIGHHA COOTBETCTBYIOMMHX Ce- 
qeHHH. 
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IIpH ompeyeneHuH KacaTeJIbHbIX HanpsxKeHHH B peOpe HeoOxogzHMO NOo- 
MHHTb, 4TO OHH CO3MaIOTCA He TOJIbKO NONMepeYHbiIMH, HO H HNPOAOJIbHbIMH 
CABHTaloljuMu cHwaMH. Tlostomy o6nrgHaa dopmyvia /KypaBckoro, BbIBeyeHHaA 
JIA CYIaA, KOPa MPOAOJIbHbIe CHJIbI OTCYTCTBYIOCT, He IIPHMCHHMa JIA pacueta 
pe6pa. K coxaneHHi0, 3TO OOCTOATEABCTBO B HacTOAIee BPeCMA He YUHTHI- 
Baetca [2]. 

IIpu pacuete Mbt OyAeM HCHOMb3OBaTh O6OOMIeHHY!IO opMyay PK ypas- 
CKOrO, BbIBEXCHHYIO HAMH C y4eTOM MpOJOJbHBIX CABHTalwlwlyx ycHAHH. Ora 
cbopMya HMeeT BHI 


[Q+ (tte—t,h,)| SP (tet ty)Q , te 
a ae ee (VI.24) 


rye  Q— nonepeuHan CHa B pacCMaTpHBaeMOM CeYeHHH ceKTOpa, MoOu0- 
*KUTebHaA CHa Q HallpaBsleHa BBepX IPH oOnpeweNeHHH CceBa 
HM BHH3 Mp onpeseseHHu cnpaBa; 
t,, t, — HHT€HCHBHOCTb paciipeleeHHbIX NPOAOAbHBIX Harpy30K, NpH- 
JIOKEHHBIX K BEPXHeEH HW HHKHEH NOIKAM CeKTOPAa; NOMOKUTEIIb- 
Hble cHJIbI ¢,, ¢t, HalpaBJIeHbI CJlIeBa HallpaBo; 
F, J, — M10ulaaqb H MOMEHT HHEPILHH CeYeHHA OTHOCHTeJIbHO riaBHOH 
WCHTPaJIbHOH OCH 2; 
Q — uacTb NOWlaqH CeYeHHA, PacnOO*KeHHAaA BbILe PacCMaTpHBae- 
MOH TOUKH; 


S° — craruueckuii MOMeHT niomayH QQ; 
6 — mwupHHa ceyeHHA Ha yYPOBHe paccMaTpHBaeMOH TOUKH; 
h,, h, — paccToAnve OT OCH 2 JO AMHHM eHCTBHA MPONOJbHbIX Harpy- 
30K ft, H t,. 
B HeKOTOPbIX CJIY4YaAX MOXKET OKA3aTbCA yHOOHee BMeCTO Nomanu 
paccmaTpHBaTb 92* — uacTb MOMWawH CeyeHHA, pacnOAO*KeHHy!lo HHKe pPac- 
CMaTPHBaeMOH TOUKH. Torga BMecTo (VI.24) 6yqemM HMeTb 


th st 
c= Ot ite tat) | N82 | «)| 182 | Met — . — (VI.25) 


KacatTetbHble HalpaxeHHa no dopmysam (V1I.24) u (VI.25) MoryT HMeTb 
MaKCHM@JIbHbIe 3HadeHHA JIHOO Ha OCH z (Fae HMeeT M@KCHMAaJIbHOe 3Hade- 
He S;), 1H60 B MecTax Mepexoga cTeHKH B NomKy. Ilosromy peKoMensyerca 
BhIYHCIATb BEAHYHHY T HMCHHO B Tpex yKa3aHHbIxX TOUKAX CeveHHA. [Ipu onpe- 
Jel@HHH HHTCHCHBHOCTH NPpOJObHEIX YCHJIHH MOMKHO HCXOAHTb H3 yupoureH- 
HOFO TipeANOJOKeHHA O PaBHOMEPHOM PacnpeseneHHH CHA Q; NO AWIMHE COOT- 
BETCTBYIOUMMX YUACTKOB KOHTYpa KPbILIKH l; 

ty = #. + (VI.26) 

OTMeTHM, 4TO B HEKOTOPHIX H3 OMACHBIX CeYeHHH Harpy3kH f¢, HH ft, 
o6paialoTca B HyJib. Hanmpumep, B cevennun VJ—V/ (puc. VI.3) 4, = t, = 0, 
H, TAaKHM O6pa30M, KaCaTeJIbHble HaNpAxKeHHA B HeM cosqaioTca TOJIbKO 
nonepewHouw cuson Q; B ceyennu [II—III t, = 0. 

Ecau ogHo u3 ceyennit [J I—III, IV—I V H T. Jl. IpOXOAUT Yepes OTBEP- 
cTHe B peOpe (HallpuHMep, ceyeHHe V—V Ha puce. VI.3), TO Ha KOHType OTBep- 
CTHA BOSHHKaeT KOHICHTPallHA HanpAxKeHHH HW, KpOMe TOYO, IPOHCXOMUT 
MeCTHLIK H3rHO6 “wacTeH peOpa, paCMOJIOXKeHHbIX BbILMe H HHKe OTBEPCTHA. 

OG6bMHO OTBeEpCcTHA pacnosoxwKeHbl B cpeqHeH nO BbICOTe 4acTH peOpa, 
B KOTOpOH HalipsxKeHHOe cocTOAHHe O2H3KO K 4HcTOMy cyABHry. [lostomy 
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JIA ONpeeeHHA HOPMAJIbHbIX HallpHxKeCHHH Ha KOHTYpe OTBePCTHA MOKHO 
BOCIOJIbSOBaTbcA MOpPMyJIaMH: 


O69, 1II—INl = @Tiyr—111; | 
Og, 1V—IV =. OT} yv— IV; (V1I.27) 


* e * s e 


re tyy1—111. Trv—1v — KacaTebHble HaNpAKeHHA, BbIYACIeHHbIE NO dop- 
mye (VI.24) 6e3 yaeTa OTBepcTHH B TOUKAX CeyeHHE 
III—III, IV—IV, cootsetcrBylromux WeHTpaM OTBep- 
cTHH; 
& — KOS(*pPHUHEHT KOHILCHTPallHH HallpAKeHHA IPH 4HCTOM 
cBure. 
Ha ocuoBanuu pa6otnr [85] KonueHTpalua HalpaAxKeHHH AIA Kpyrsoro 
OTBEPCTHA G1 34BHCHT OT OTHOWIEHHA AHamMerpa oTBepcTua d kK BBICOTe ce4ye- 
HHA H. 3HayeHHa KOodppuUNeHTa A, NpHBorzntca B Tabu. V1.2. 


Ta6aunua VI.2 


. Ta6muta V1.3 
Kos@@unHeHT KOHUeHTpauHH HanpsKeHHh 
4a Kpyrioro oTBepcTHA Koopunnent & AA OBaNbHOrO OTBepcTHA 


0 101 | 02] 03! 0,4 | 0,5 a O | 0,1 | 0,2 | 0,3 0,5 



































a 0,4 
i 








6,04 | 7,56 Rk j} 1,0 | 1,03 











Oy 4.00 4,11 45 5,06 1,11 1,27 





1,51 1,89 








Jina calyuaA OBaJIbHOTO OTBeEPCTHA KOSQGMPHILHEHT KOHUeHTpalHH MpHHH- 
MaeTCAH PaBHbIM 


Oy = 2k( 1 4 =) (VI1.28) 


roe 7 — mwupvuHa oTBepcTua; 
@ — BbICOTa OTBeEpCcTHA; 
k — Koospunvent, npeqnoxenHpi T. X. Dpank-KamenellkHM, yUHTbIBaeT 
BJIHAHHe BEICOTHY ceyenuaA H (ta6a. VI.3). 

Jina toro uTo6pr npvOmuxKeHHO yuecTh HanpsAxKeHHA MeCTHOTO H3rH6a, 
MOXKHO BOCHOJb3OBaTbCA PeCHICHHeM JIA OalIKH C NpOAOMTOBaTbIM OTBeEPCTHeM 
[96], HeckombKO O606nHB ero Ha CA yaa HeCHMMeTPHUYHOrO pacnosoKeHuA 
oTBepcTui. [lycrb B ceueHHH, NpOXOMAMeM Yepes IeHTpP OTBEPCTUA (HanpuMmep, 
B ceyvenHH V—V na puc. VI. 3), RelicTByloT usruOaionjui Moment M u momepes- 
Haa cuna Q. Torya MecTHBI u3ru6 wacrelt pe6pa, pacnosoxKeHHbIX BIE H 
HWKe OTBEPCTHA, OlpedeswaeTCA NOMe€PpeYHbIMH CHJaMH Q, H ns KOTOpHIe BBI- 
paxkarorca 110 opMy.iaM: 


_ __% . 
Q, — de + On Q; | 
ap (V1.29) 
Ca = at ay 


He G3, A, — BbICOTa GWaCTH CedeHHaA, pacnovloxKeHHOH BbIme H HHKe OTBEP- 
CTHS. 


310 


MakcHMaJIbHbie HallpAKeCHHA BOSHHKAIOT B CCYEHHAX, MPOXOAAMINX Yepes 
JieBLI H WpaBbih KpanA OTBepcTHA (HaMpHMep, B BepXHeH H HHXKHEH WacTAX 
ceyeHHA m—m Ha puc. V1.3): 


Om—m = Ys +9 Se Yes 


H M al | (VI.30) 
On—m >= “Ty Yo + oe Gus 


rie J,, J, — MOMeCHTbI HHeEpLLHH BepXHeH H HHWXKHeEHM YacTeH ceYeHHA m—m; 
J — NIOJIHbIH MOMeCHT HHePWHH ceyveHHA m—m; 
/ — WIMpvHa OTBepCcTHgA; 
Yi, Ye — KOOPAHHATHI ONACHOH TOUKH BepXHeH wacTH ce“eHHA m—m; 
Yo, Y, — TO *e AWA HHKHeEH YacTH ceyeHHA m—m. 

Y Ka3aHHble KOOPAHHATb! OTCUHTHIBAIOTCA OT HeHTPaJIbHOH OCH COOTBET- 
CTBYIOUNHX CeYeHHH, MpOXOAAMHX Yepe3 IWeHTPbI TAKeCTeH. 

B crapbix KOHCTPyKIUHAX JIMThIX KPbIllleK IPHMeHAJIHCh KOHTYPHHBE 
pe6pa (cm. pue. VI.2), T. e. pe6pa He60bUIOH BBICOTHI, PacilOJOKeHHbIe 
lO KOHTyYpy C@4eHHA KDPbILKH (HalpuMep, KpbKa Bosxcxoh TOC uM. 
B. WU. Jiequua). B stom culy4ae, BhIPesaHHbIH H3 KpbIlIKH cexTop (pxHc. VI.13) 
ipeacTaBsaeT COOOH 3AMKHYTY!IO paMy AByTaBpOBOTO TlonepeyHoro ceyeHHA. 
Cnoco6 pacueta TakKOH pambl paspa6oTaH IT. X. MpanK-KamMenellKHM H MpH- 
BOAHTCA B Te€pBOM H34aHHH HacTOAMeH KHUIH. 

OnbiIT 9KCIWyaTauvWuH HW HaTypHbie UccJIeqOBaHHA KPbILeK, Kak yxKe ykKa- 
3bIBaNOCb, MOKA3aIH, YTO KOHCTPYKILHH KDPbIIIeK C KOHTYPHbIMH peOpaMH AB- 
JIAIOTCA HEYJauHbIMH: B HHX BO3HMKAIOT BbICOKHe HalpAKeHHA B peOpax, 
KOTOpble B pxye Cly4aeB NPHBeJH K OOpas0BaHHlo TpPellHH, HKECTKOCTb KPbILlleK 
Take OKa3aslacb HeyocTaTOUHOH. Tlostomy B HacTOALee BPeMA TaKHe KOH- 
CTPyYKUHH He MpHMeHSAIOTCH. 


6. PACUET CBAPHbIX ILIBOB 


PeOpa IIpHBapHBaloTca K KPbIllIKe ABYCTOPOHHHMH pajHaJIbHbIMH IWBaMH. 
ina onpeqeneHHA KaCaTeJIbHbIX HAapAKeHHH B PakvaJIbHbIX WIBAX MOKHO 
BOCHOJIb3OBaTbcA MOpMywaMH (V1.24) unu (VI.25), B KOTOpHIX WIHpHHa ceue- 
Hua 5b = 1,4t, rye ¢ — KaTeT wa. 

Hopmasputie HanpsKeHHA B WBaXx ONpeseiAtoTcA 10 dopmyve 


0. = Yu (V1I.31) 


roe M, J, — u3ru6aiouluH MOMeHT H MOMEHT HHepuuy B pacCMaTpHBaeMOM 
ceueHHH peoOpa; 
Y,, — PpaccTOAHMe OT Ie€HTpa TA2KeCTH cCeyeHHA WO MeCTa pacnouo- 
X%KCHHA UIBA. 
PacueTHble HallpAxKeHHA B WBE MOKHO ONpPeeHTb NO TpeTbeH TeOpHu 
MpOuwHOCTH 


= V on + 4¢?,. 

PaccMOTpeHHoe BbIle ceyeHHe ‘KpbiukKH J—TIJ (cm. puc. VI.3) o6pa30Bano 
CBaPHbIM IUBOM, IIPHKPenJIAIOWLHM Gianell K Tey KPbILIKH. OTsMuMe pacyueta 
ceyenua [—I oT pacueta zpyrux onacubx ceuennh (J]—I1, IJI—III ut. &.) 
COCTOHT B TOM, 4TO JONycKaemble HallpsAxKeHHA B ceyeHHH J—I Hayo OpaTb 
NOHHKCHHbIMH 110 CPaBHEHHIO C APyrHMH ceyeHHAMH. TO 2Ke CaMOe OTHOCHTCA 
K pacdeTy payvanbHbIx wBOB. [lo ZaHntim paOoTn [9] AomycKaembple Halps- 
XKeHHA JIA CBapHOTO UIBa HpH py4HOH cBapKe 9eKTpOZaMH OOBIMHOTO 


31] 


KayecTBa 342 u 350 cocTaBAIOT WIA HOPMAJIbHBIX HanpsaxKeHHH [o] = 0,9 [Sp], 
AAA KacaTeIbHEIxX HanpaxeHHh [t] = 0,6 [o,], rae [o,] — nonycKaemoe 
HallpsA»KeHHe Ha pacTAKeHHe JIA OCHOBHOrO MeTaJa KDBILIKH. 

KOJIbIeBbIe INBbI, HampumMep wiBbl Ne /—4 Ha puc. V1.3, cayxaT B OCHOB- 
HOM JIA CO3MA@HHA TEpMeETHUHOCTH KPbILIKH HU ABJINIOTCA HAHMeHEee Harp yKeH- 
HbIMH. TlosTOMY UX TOJINHHa MOKET ObITh 3HAYHTEJIBHO MEHbIe, YeM TOMA 
paMaJbHbIX BOB. O6bl4HO. ee HAa3HaYalOT KOHCTPYKTHBHO, IPH 3TOM HX 
MOMEHT CONMPOTHBJICEHHA JOJDKeH ObITb paBeH NOJIOBHHE MOMeHTA comporHpate- 
HHA COCAHHACMbIX OCHOBHbIX JIHCTOB. 

SameTHM, UTO UPe3MeEPHO TOVJICTHIe IIBbI HE TOJIbKO yOPORKAalOoT KOHCTPYK- 
IH10, HO H yXYJIllaloT ee, TAK KAaK BbI3bIBaIOT MOBHIMICHHbIe TeEMMepaTyPHble 
RepopMaluH WH HalpsxKenua [68]. 

B ta6n. VI.4, no qanHpm VM. H. Ipupo, npusengen pec HanaBmeHHoro 
MeTaJa JIA HEKOTOPLIX KOHCTPyYKUMA Kpbillek rHyapoTyp6un. B mMogepHH3u- 
POBaHHbIX KDPbIllIkKaX pPpa3MePbl LIBOB ONpeseneHbl! pacuerHbimM nyTem. H3 
TaOJIHUbI BHIHO, YO MpH H3FOTOBJICHHH KDbIIIeK HMeeTCH BO3MOKHOCTb 
CHH3HTb OObeCM HAallMaBJeCHHOrO MeTaIIa H, CAe€HOBaATebHO, TDYJOCMKOCTb 
CBapOUHbIX pa6oT nmpHOmH3sHTeIbHO Ha 40—50%. 


Ta6auna VIA 


CooTHoweHHe MeCMY BECOM KPbIIIKH H BECOM HalsaBIeCHHOrTO MeTajwia 





Bec 40 MOoxepHH3aLHe Bec nocne MojepHHsalun 
HaniMenopanHe K DIKE HanwmaBseHHoro MeTatqaa KpBIMKH HalmaBMeHHOrO MeTasaa 
TYpOHHBI . | | 

Ke K2 % K2 Ke % 
TJ 62 780 2020 3,22 55 630 1400 2,52 
PO 22 225 790 3,38 — — — 
PO 69 100 2390 3,46 61 000 1390 2,20 
I1JI 116 200. 6100 5,25 97 000 2300 2,37 


7. PACUET CTbIKOBbIX COE HHEHHA 
MPH MPOCTPAHCTBEHHOM H3rHBE CTbIKA 


B o6nleM MalIHHOCTPOeHHH HallpARKeCHHA HauaJIbHOTO 3aTAra OOJTOB 
PpeKOMeHAyeTcA Ha3HavaTb TAKHMH, 4TOOH! NOL AeHCTBHeM BHELIHHX Harpy30kK 
CTHIKH He pacKpbiBasIucb. B CTbIKOBbIX CO@AHHCHHAX KPBIlWeK H HEKOTOPbIX 
pyrux NeraleH THIpOTypO6uH 4wacTO GObIBaeT HEBO3MOXKHO OGecneuHTb Hepac- 
KpbITHe cTHIKOB. ITlosTOMy HHKe MpPHBOAHTCA MeTOAHKa pacueTa CTBIKOBbIX 
cOeJHHeEHHH C y4eTOM BO3MOXKHOLO PaCKPHITHA cTHIKa. OT pacueTa B NepBOM 
H32aHHH KHHTH HAaCTOAULHH pacueT OTMH4AeTCA TEM; UTO YUHTHIBACTCA HavaJib- 
HbIH 3aTAr GONTOB, JeHCTBHEe HOPMA@JIbHOH CHJIbI, a TaKxKe JeHcTBue H3rHOa- 
1OULHX MOMeHTOB B JBYX B34HMHO MepmeHAMKYJAPHBIX NwoOcKocTax. B pa- 
Gote [10] ananoruuHan 3aqaua pellaeTcA AA MocKoro u3rH6a cocTaBHEIX 
OaJIOK. 

IIpH pacueTax. CTbIKOBbIX COe€MHeCHHH MPHHHMAIOT, 4TO HallpxAKeHHA 
HauaJIbHOrO 3aTATa pacnpeseJieHbl 10 BCeH MOBeEpXHOCTH CTbIKa NO JIMHEHHOMY 
3akony [10]. Jina crpiKoBbIx CoeqHHeHHH KpbilieK FHApOTypO6OuH STO MmpeAno- 
JIOMKeHHE HEIPHeMJIeMO, TaK KaK CTBIK HMeeT BeCbMa OOJIbITYIO 0a, 
a OOJITH] pacnONaraioTca JIMUIb TO NepuHdbepun sToHK noua AH. Ilostomy B 0- 
CTATOUHOM yaJIeHHH OT OOTOB (Halpumep, B CpeqHeH 30He) HalpsAxKeHHA 
B CTbIK€ PaBHbl HYJIIO, T. €. CTHIK He paGoTaeT. BcneacTBHe STOTO Np pacueTe 
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CTbIKOBbIX COCAHHEHHH KPbIIeK BMeCCTO IomuaqH cTbIKa F cneqyeT ucno1b30- 
BaTb JIMUb YaCTb TOH NwomaqH — padouylo naomalb crpika Fyag¢. 

Safaya onpefesenHa pa6ouve miomanqv cTHIKa ABIAeTCA CIOMKHOH 3ala- 
ueH MpOCTpaHCTBeHHOH TeOPpHH yMpyrocrTH H elle He HMeeT TOUHOTO peleHHa. 
Jia MpvOawKeHHOrO pellieHHA 3aa4H BOCNOb3SyeMCAH MMeIOWIHMHCA B JIH- 
TepaType yKa3aHHAMH Ha TO, 4TO MPH yaJIeHHH OT OCH GovITa Ha paccTOAHHe, 
IIpHOMHSHTeJIbHO PaBHOe yABOCHHOH TONMMHe (bilaHila, HalpAxKeHHe B CTbIKe 
CTaHOBHTCH BecbMa MawBiM [58, 89, 104]. 

Tloastomy 6yfemM NosaraTb, uTO pa6ouan NOBepXHOCTh CTHIKa MpeacTaBsAerT 
coOoH mosocy, cpeqHAA JIMHHA KOTOPOH TpOxoAUuT Yepes: WEHTPEI GOMTOBEIX 
OTBeEpcTHH, a WIMpHHa paBHa y4eTBepeHHOH TOJMHHE OAHOTO H3 (lanes 
(3alliTpHXOBaHHaA MONO0ca Ha puc. VI.14). 


@ —CHAMQA YaCMe CMbIKA 












~~ -O---& 
| Pacxpol8wagca 
yacine cimeika 


Z 






rt \ 4 | Puc. VI.14. Cxema cTnkKa yacTelt KDBIWUKH 


3aMeTHM, 4TO B NOCIeqHee BPeMA NOABHJICA PAX KOHCTPYKUHHM KpbIleK 
NOBOPOTHOMONAaCTHbIX THAPOTypOHH, B KOTOPHIX CTHIKH CONPHKacalorTca MexLy 
coOoH JIHIUb Ha MepHdepuu ceyeHHA KPbIMIKH NO NOBepXHOCTH, pacnonoxeHHOH 
BOIM3H OT 6oToB. I]o-BH_uMOMy, B 3TOM ciJy4ae pa6ouad noBepxHocTB 
cTbIKa Fy 46 MOXKET- ObITh IPHHATA paBHOH MOHOH MOBepxXHOCTH cTbIKa F, 

PaccMOTpHM Harpy2KeHHe CTbIKa pacTArHBalomeh cHioh N u usru6aiomuMu 
MOMEHTAMH OTHOCHTeEJIbHO AByX B34HMHO MepmleHAHKYyJIApHbIx oceh M, u M, 
(puc. VI.14). Momenrni Oyfem CUHTaTb NOOXKUTEbHbIMH, CCIM OHH JeHCTBYIOT 
Ha CeyeHHe NO YaCcOBOH CTpesKe Np HaGJHOACHHH CO CTOPOHbI! NOJOKUTEIbHbIX 
oceH y H 2. B CTBIKOBOM COeAHHEHHH KPbIIIKH TYPOHHBI OCH y HW 2 IpOBOAATCA 
Tak, KaK ykKa3aHo Ha puc. VI.5, a ycHaua Np NpHHATHIX NpaBuNaxX 3HaKOB 
paBHHI: 








Mo 
M,=—M,=—-_; 
M,= M,—- 

z- ft nm? 
P? 


ByfeM CuvTaTb, 4TO BCe OOMTHI MMeIOT OMMHAKOBbIe HaNpAXKeHHA HayaJb- 
HOrO 3aTATa Og H YTO WeHTP FARECTH CTHIKA COBNMaaeT C IeCHTPOM TAKeCTH 
ceyeHHH OotToB. Tora HanpsAxKeHHA HaYaIbHOFO 3aTALa PABHOMEPHO pacnpe- 
JemioTca 0 paOoveH nMouaqH cTLIKa Fygg, 42 HaYabHbIe OTHOCHTebHOe 
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YIIHHeHHe OOJITOB & H OTHOCHTeAbHOe yKOpoYeHHe (dlaHeB eon olpele- 
JAAIOTCA NO MOpMyviaM: 


e, —= —-: 
0” Es? 


Oo Mii 


i==1 


e? = 
cm FpaeEcm’ 


rye E,, Em — MOAYH HOPMAaJIbBHOH yupyrocTH MaTepHasioB 6OJITOB H dwjiaH- 
ILCs, 
n — 4HCIO OOJITOB CTHIKOBOrO COeHHEHHA; 
j/; — To0mWadtb ceuenua i-ro OouITa. 

B pes3yjbTate JeHcTBHA Harpy30K QJaHIbl H OO/ITHI AesOpMupyrioTcas, 
IPH 3TOM MOKeT MpPOH3SOHTH packppiTHe cTpika. [IPHHHMasA THNOTe3sy NOCKHX 
ceyeHHH, NOJY4HM Cue youve BbIPAaKeHHA WIA OTHOCHTeIbHOrO yKOpOYeHHA 
@AaHUeB &€.., H AAA HaNpAKeHHA B CTHIKE Opp: 


| 0 | 1) npu a+tbz+cy>0 
“em Lat bz + cy: "| Eom (a + bz + cy) mpu a+ bz + cy <0, 
(V1.32) 


re a, 6 H C — HeEKOTOpPbie HeH3BeCTHbIe KOIPPHIMeHTH. 
Y paBHeHHe HeHTpasbHOK AHHH (7. JJ.) NOMy4HM, eCJIH BbIpakeHve MIA 
O.m MpHpaBHAeM HyJIl0 


a-+ bz+cy = 0. 


HetttpaibHad JIMHHA OTCeKaeT Ha OCAX ZH Y OTpPe3KH 2* H y*, KOTOpHIe 
onpeweiAIOoTCA 10 MOpMylaM: 


a oe a | 
t= 4, yea 4. (V1.33) 


OTHOCHTeJIbHbIe YIJIMHCHHA OOJITOB B COOTBETCTBHH C FHNOTeSOH MIOCKHX 
ceueHHH pacnipeeveHbl MO TOMY Ke 3aKOHY, 4TO H Ae*sopMallHH CKAaTOM 4acTH 
CTH Ka 


E56 = e* + (a+ bz + cy), 


rye 


* 0 
€ = €0 + Fem = Ey; 


YM fi 
=|}. p= Ecm 
i= RF pa6? E6 ° 








BTOpbiM CJlaraeMbIM B BbIpaxKeHHH JIA y B OOMbUIMHCTBe CJIy4aeB MOXKHO 
mpeneOpeyub, Torda y ~~ 1 UW & => ey. 
IIpHMenaa 3aKoH Tyka, nowyaHM HallpaAxKeHHA H yCHHA B OoTAX: 
Cig = oy + Ee (a + bz; + cy;); 
Pig = Ooyl: + Eof; (a + 62; + cy), 


rye Z;, Yy; — KOOPAHHATHI WeHTpa TARKecTH ceyeHHa i-ro G6outa. 
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(VI.34) 


CocTaBuM ypaBHeHHe paBHOBecHA JIA CTHIKa. YUHTHIBAA YKa3aHHOe BbILe 
npaBHlo 3HaKOB Aa M, u M,, Ou y 4AM: 


_v+dp, + | Gm dF = 0; 


i=1 


M, + y Pits + | Gomy dF = 05 


— M,+ y P.2; + | Con2 dF = 0, 


i=1 


rye m — 4ucsO pacTAHYTHIX OO/TOB CTBIKOBOTO coe, HHeHHA; 

@ — Wowatb CKATOH WacTH CTHIKa. 

Muterpupopanve B ypaBHeHHAX PaBHOBeCHA MPOH3BOAHTCA TOJIbKO NO 
NOWakH cxKAaTOH 4wacTH cTbIKa w. TlogcraBaaa 3HauenHHa (VI.32) u (VI.34) 
B ypaBHeHHA CTaTHKH, OyeM HMETD: 


Ay, (E¢a) + Aye (E66) + As (Eee) = Bi; } 
Ag; (Ea) + Age (E60) + Acs (Eec) = Ba; - 
Ag (Eea) + Ase (Egb) + Ass (Eoc) = Bs, 
re HCMOb3OBaHbI Cilelyloujwe OOO3Ha¥eHHA: | 
Au=Fe+ko; Ay = S; + kS93 Ais = So + kS°: 
An = Aj33 Aco = JG yz t RI yes Aog = Jo + kd8; 
As, = Aig; Ase = Je + kJy; As3 = Ao} 
Bi = N —ooyFe,; Bo = —(Mz+ ooySz); Bs = My — ooySy; (VI.35) 
l 





Fem re 
k= ; Fe=D fn 8 j= Bi fas Sz= 2h fivis 
Jy = Y fel Ja Y fives Je = bi fyi 
o=|dF; S@=([zdF; SS=|ydF; JG= | 2aF, 
@ @ @ @ 
Jz = | yzdF; I= | y2dF. 
® @ 
Cnyyak HepackpbiToro (cnasHHOro) CTbHIKa 
IIpenno0x%KHM, 4TO CTBIK He pacKpbIBaeTca. Torna © = Fy, m=n 


H KOSDUMMEHTHI CHCTEMbI ypabHenui (VI.35) He 3aBHCAT OT a, 6b uc. B 3TomM 
cayuae pelleHHe HMeeT BHI: 


D 
(Ego) =; (E5b)=-2; (Ex) = 7? 





rye 
D = Ax (Ad, — AosAz2) + AjeAo3 + AisAse — 2A12A13Ao9; 


Dy = By (Ad, — Ao3Ase) + Bo (A1g432 — AreAe2) + Bs (A12A03 — Ai3A2); 

Dz = B,(Aj2A03 — Aj3A2) + Bo (AA — AAs) + Bs (Ai3 — Ay Ag3); 

Ds = B,(Ai34a2 — AioAw) + B, (Aj, — AyAze) + Bs (Ay) Ao — Ai2As). 
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Ilocne onpeyenenua a, 6 Hc no dopmyaam (VI.33) BEUNCAAIOTCA OT- 
peskH 2*, y* HW MpOH3BOAHTCA NOocTpoeHhe HeHTpanbHow AMHUH (H. JI.). Ecan 
OKaxKeTCA, YTO HCHTPaJIbHaA JIMHHA IIPOXOHT BHe NpeeOB CeuYeHHA, TO ACHO, 
UTO CTHIK JCHCTBHTEJIbHO He PacCKpbiBaeTCA. 

MakcuMaJbHoe HallpAxKeHHe B OONTaX ONpexenneTca m0 dopmysie (VI.34), 
eCJIH NOACTABHTb B Hee KOOPJHHATLI HAMMeHEe yaJIEHHOTO OT HeHTpasbHOHK 
AWYHHM OoulTa 2; UY; 


Oi max = Soy + (Ega) + (E6b) 2; + (Eee) y:. (V 1.36) 


Kpome HOpMaJIbHBIX B 60/ITaX IPH HX 3aTAXKKe BOSHUKAIOT TAKMKE KacaTeJib- 
HbI€ HallpAKeHHA, KOTOPble ONpesedaioTca TO copmysie 


Mxp 


Ta6auna VI.5 — , 
0,2d° 


3Hauenne Kos@a@uynenta k 


(V1.37) 





rye dy — BHYTPeHHHH AuMameTp pe3bo6bl. 
KpyTamua moment M,, onpeye- 
AAeTCA MO IpH6AHKeHHOH opmyvie 


CocTtoxaxAHHe KOHTAKTHEIX k 
nobepxHocTeh 





Uucto o6paGoTauuble, 0,07 _ 
CMa3aHHbie | M rp RO ofido, 
emg YOO COPAOOTAHHELe, 0,12 rie d, — HapyXHbIM WHamMetp pe3b6nl; 
k — Oespa3mMepHbIH Koadpuru- 
I'py6o o6pa6oTanuple, 0,17 


6e3 CMa3KH 


CHT, IIPHBeXeCHHbIN AIA MeT- 


puueckoH pe3bObl B Tabu. 
VIS. 
Jlanee BbIYHCJIAIOTCA 3anacbl MO WwlacCTHueCKHM JepOpMallHAM fl, H 3amlac 
IIpO“wHOCTH N, 


0. 0 
n=; n= of, -(V139) 
re o* — npHBeqenHoe HalpsxKeHHe B 6ouTe 
o* = V chax + 3’, (VI.39a) 


Cornmacuo pa6ote [10], pexomentyembie 3HaveHHA KOS*pPHUHeHTOB 3amaca 
HaxOATCcA B Ipemenax n, = 1,2+2,5; n, = 1,5<4,0. 

B cytecTBylOIHX KOHCTPyKUHAX WaCTO BCTpeyaloTCA CHMMeTPHYHBIe 
CTbIKH C CHMMETPHYHBIM pacnowomwKeHHeM OOJITOB (HalpHMep, CTHIKOBbIe 
COe€¢JHHCHHA WaCTeH peryJMpyIOWHX KOJIeW, CTbIKOBOe COemHHeHHe sOMacTeH 
MNOBOPOTHOJONACTHLIX THApotyp6unH u T.1.). Ecau ocw y H Z COBMECTHTb 
C OCHMH CHMMeTPHH, TO NpHBeeHHbIe BbIWIe POPMYybI CYUIeECTBeEHHO yipo- 
ULaloTCA: 








| B,  N—opyF6 
E a 1 WW it oreo , 
(Cot) = A Fe hF pas 
B M 
(Eb) ~~ Aes — yo pa 
yoo 
| B M 
E = 2 z . 
( oC) Aez ye 4. kJ Pao ’ 
| N — OoyF pa6 M y2; Mzyi 
Oi max = SY + HT pe FOE Fs 
F 6 F 6 F na6 
6+ pad Jy + kJ , P20 J? + kJ, pao 
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Cayuai packppiToro cTbiKa 


Ec OKakKeTca, YTO HEHTPaJIbHaA JMHHA MepecekaeT ceyeHHe, TO CTHIK 
packppiBaetca. B 3TOM cJlyaae NOJyYeHHbIe BbIle BLIPaKeHHA WIA a, DUC 
TepAIOT CHJIY, TaK Kak KOS@PHUHEHTHI CHCTeEMbI ypaBHeHHH (VI.35) 3aBucart 
oT a, b uw c. CneoBaTebHO, 3afadia Mp paCKPBITHH CTbIKa CTAHOBHTCA He- 
JIMHEHHOH. 


B caydae paCKpbITHA CTbIKa CHCTeMy ypaBHeHHit (VI) 1.35) yqo6uee npex- 
CTaBHTb B BHJe: 


B 
(E,¢a) = i * 1 ’ 
Au— ss A — Te Ais 
: Eon Eoa (VI.35a) 
(Eob) = —-£2) ; (Eg) =; 
QD, — ” Be: MD, — B3; 
rae ’ 
l 1 
Au — Fe A — Fe Ass 
©, = By —_ 3 
Au — Ge A — Ge Ais 


I. l 
Agi — ze As — Ge Ass 
®, = By, ——__—_ j * 
Au— Fe An— je Ais 


Cuctema ypaBHenhit (VI.35a) pemaetca pHOHKeHHO noy6opom pelie- 
HHA. Jin STOTO 34,aeMCAH PAXOM NOMORKeCHHH HehTPaNbHOH JIMHHH, ONpeje- 
JIACMBIX OTPe3KaMH 2* H y*, H WIA KaKAOTO H3 HHX MpOBepxAeM BHINOMHEHHE 
ABYX NOCeqHHX ypaBHeHHH. PemlenHe cCuHTaeM NOJyYeHHBIM, KOra JeBan 
H lipaBad 4acTH ypaBHeHHH OTIHYAIOTCA Apyr OT Apyra Ha 3apaHee 3aaHHylo 
BeIHUHHY (HanpHMep, Ha 5%). 

MakcuMasbHoe HanpsAxKenne B 601TaxX NPH pacKpbITHH CTHIKAa BBIYHC/IAeTCA 
no dopmywiam (VI.34), ecam nmofcTaBHTb B Hee KOOPAHHATbI Han6ouee yAa- 


JI@HHOrO OT HeHTPaJIbHOH JIMHHH OovITa Z;, Y;, PacCMOMOMReHHOrO Ha cTOpOoHe 
PaCKPBITHA CTbIKa 


Oi max = GpY + (Egat) + (Esb) 2: + (Esc) yi. (VI.36a) 


KpoMe MaKCHMaJIbHOrTO HeOOXOXHMO Olpede@IHTb MHHHM@JIbHOe Halipa- 
7KeHHe 


Oi mn = Foy + (Eoa) + (Eb) z% + (Eee) Yi (V 1.366) 


rye Z;, y; — KOOpAHHAaTHI Gosta, HaHOomee yaneHHOro OT HeHTpaJIbHOH 
JHHHH HW paClOAOKeHHOTO Ha CTOPOHE CKAaTHA CTHIKA. 

Crelyer pa3iuuaTb Ba BO3MOXKHHIX cay4an: 

1) O; mn > O — Bce OOJITHI pacTHHyTbI, MOSTOMY CYMMHpoOBaHHe B op- 
mMyax (VI.35) npousBonuTca no O6memy 4HCAy GoTOB, T. ce. m = Nn; 

2) Oi mn <0 — YacTb 6ONTOB cxKaTa, B 3TOM CJIy4ae BCe CKATHIC OOJITHI 
JOJKHBI ObITh HCKJIIOUCHbI H3 PaCCMOTPeHHA H CYMMHPOBaHHe B *opMyviax 
(V1I.35) MpOH3BOAHTCA JIMMIb NO 4HCy pacTAHyTbIX OO/TOB, T.e. m <n. 
Iipu Oopuiux HauaIbHbIX 3aTarax Oo HaNPAKEHHE O; min: Kak npaBuo, 
6obILIe HyJIA, T. €. HM€€T MECTO NepBbIK Clyyah Um = nN. IIpu oy = 0 umeetT 
MeCTO BTOPOH Cily4a, Ip STOM Mm pPaBHO quCALYy 6O.ITOB, pacnOJslO*KeHHBIX T10 
OAHY CTOPOHY HeHTpaJIbHOM JIMHHM Ha pacKpbITOH yacTH cTHIKa. IIpH cpeqHUXx 
3HaYCHHAX Oy BOSMOXKHbI 06a cay4ag. 

IIpu BErMHCAeHHH FeOMeTpH4eCKHX XaPaKTePHCTHK CKATOH YaCTH CTHIKA © 
leNecoo6pa3Ho pasAeJIHTb MWOULalb © Ha k 3IeMeHTaPHbIX, Ip -AMOYTOJIbHHKOB 
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c pasmepamu cTopou 0,, h;, KOOpPAHHaTaMH WeHTPa TAXKECTH Y,, Z; H MMOWAaLbio 
F, = bj,h;. Torga bopmya (V 1.35) oyayr HMeTb BHA: 


oO = y Fj; Sy = y F jz;; S? = y F iy; 
j=! j=1 j=l 


R 


k 
0 bi 


j=l j=l 


Ecau cpeiv SJIEMeHTOB HMCCTCAH MPAMOYFOJIbHBIH TpPeyrovIbHHK C KaTe- 
TaMH A, u 6;, WapasebHbIMH OCAM 2 H Y COOTBeTCTBEHHO, TO ero XapakTe- 
pHCTHKH onpenensioTcs no dopmyiam: 


‘ 


2 
. oF: . oF, . 7F; h; 2 
F => Ojhys Spi= Fiz SLi = Figs Ji =F, a (4 + 2); 


| be a\ og. yb 
fror(thtay tan (B+). 


Ecsiuv OJMH HW3 KaTeTOB TpeyroJIbHuKa nanpanies B MIPOTHBOTOJIOKHYIO 


cTopony (puc. VI.14), Tro 3Hak nepey wieHom —L/ cieqyeT H3MeHHTb Ha O6- 


36 
PpaTHBI; ecuiH O6a KaTeTa HMEIOT IIPOTHBOTOJIO2RKHOC HallpaBJIe€HHe, TO 3HAK 


ocTaeTca 6e3 H3MeHeHHH. 

B HeKOTOpbIX CJy4aAX pecTaBsAeT HHTepec MAKCHMAaJIbHan BeH4HHAa 
3a30opa A, o6pa3ylonlerocaA NpH pacKpbITHH cTpIKa. OcoOeHHbIH UHTepec 
3a30p A rpecTaBuJIAeT AJA CTbIKOB, KOTOPble JOJKHbI O6CCHEYHBATb HE TOJIbKO 
IIPO“HOCTb, HO H Te@PMeTHUHOCTb KOHCTPYKILHH, HallpHMep WIA CTbIKOBDIX 
COe@IHHEHHH Kpbiek ruazpotypOuH. [IIpwH nomomnu puc. VI.14 onpenensnem 


= 2(a+ bz-+ cy) ft, 


rye { — TOJUHHa lana; 
Z, y — KOOPAHHATHI TOUKH CThIKa, HaH6o0mee yAaJIeHHOH OT HeEHTpaAbHOH 
JIMHHH CO CTOPOHHI OTKPHITHA CTbIKAa. 
B cayyae miockoro Hu3rH6a NOyYeHHbIe BIE MOPMYJIbl 3HAYHTeJIbHO 
YHpOWawrTcnA. — 
EcaH W3rv6 HpOHCXOAMT OTHOCHTeIbHO HeHTpaJIbHOH OCH, NapaseJb- 
HOH OCH Y, TO OPMYJIbI NPHHHMAIOT BHI: 








~~ &B E 
(Eo) = “i, (Eg) = — 5; 
Au— >r Aw 
An —< Ase | 
DO, = B, 7 
| Au— sr Aw } 


ITH MOPMYJIbI MOMKHO HCMONb3OBaATb JIA PaC4YeTOB KOJIbILEBbIX CTbIKOB 
(biaHel,L JOMAacTH, MOXWMNHHK HalpaBsatomenh MONaTKH HT. .), a TakxKe 
AA np uOAWKEHHOTO pacueTa CTbIKOBOrO. COC@AHHEHHA KPHILIKH FHApOTyp- 
OHHEI. 

B nocjeqHem culyuae nowaraioT, 4TO HeHTpaJIbHaA JIHHHA CTbIKa pacno- 
JO*KeHAa TOPHZOHTAIbHO, T. €. TapadembHO ocu y. [IpHOnnuxeHHbIN pacer 
CTBIKOBOrO COe@AHHEHHA KDbIIIKH aeT HECKOJIbKO 3€HH)KeHHbIe 3Ha4YeHHA Ha- 
NIpAXKeHHH HW 3a30poB. 
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PacueT CTBIKOBbIX COeIHHeHHH Ha Kpyyenne 


B monepeuHbiIxX Ce4YeHHAX OCECHMMeCTPHYHO HarpyXKeHHbIX KOVJIbILEBbIX 
yeTaieH He BOSHHKaeT KpPyTauero MOMeHTa. IIo3sTOMy pac4eT CTbIKOBbIX 
COCAHHEHHH KPbINIKH, BepXHerO KO/bUa HaMpaBAAIoMero annapata u Apyrux 
OCeCHMMETPHYHO Harpy2KeHHbIX neTanen THIpOTypOuH HApOn3BOANTCA 10 
ONHCaHHOH BbILIe MeTOAHKe. 

B TO 2e BpeMA IPH Oomee CMOKHEIX HAarpyKeHHAXx KOJbUCBLIX JeTasel 
(HanpHMep, perystHpyromee KOJIbILO HaNpaBsJAloulero anliapaTa) B CTbIKOBbIX 
CO@MHHeEHHAX BOSHHKAIOT KPYTAWLHe MOMeHTHI. CyleCTBeHHbIe KPyTALULHe 
MOME€HTHI MOryT JeHCTBOBaTb TakKe B HEKOTOPHIX CTBIKOBbIX COeHHCHHAX 
HEKOJIBILCBLIX JleTasieH (CTbIKOBOe COeqHHeHHe diana sONmacTH 4H T. M.). 
B 9THX CLy4anx pacueT CTHIKOBOTO COeAMHEHHA HEOOXOAHMO JONOJIHUTD pacue- 
TOM Ha kKpy4eHHe. 

KpyTsamun MoMeHT B cTbike M,, BOCIIPHHMMaeTCA CHaMH TpeHHA, pac- 
TIpeeJICHHbIMH TIO CKATOH NOBEPXHOCTH CTHIKa, a TaKKe WNOHKAaMH, LWITHO- 
TaMH HAH TpWnacOBaHHbIMH OoTaMH. B cyllecTByIOWIHX KOHCTPYKIUHAX, 
Kak IIpaBHJO, IPHMeHALT Ba WiTHoTa, 1HOO 7Ba GoNTa, YTO ABJIAeTCA BNOMHE 
JIOCTATOUHBIM C TOUKH 3peHHA KHHeMaTHKH. B TaKHX KOHCTPYKUHAX KacaTesb- 
HbIc HaNpAxKeHHA BIITHTaxX WIM GoTax onpefesatoTca Wo mopmyvie 


Mx — Mn . 
Er npu My,>Mmp 
t= °P (VI.40) 
0 mpH Mip<o Mmyp, 
re F,, — naowaib cpe3a wrudra (6onta); 


L— paccTonHve Mexy wTHdramn (6Go1TaMyH); 


M mp — NIpeeJIbHBIH Kp TAU MOMEHT, BOCIID HHHMA4eCMBIN CHJIAMH Tpe- 
HHA B CTbIKe. 


Moment M »p 3ABHCHT OT HOPM@JIbHBIX Hallps2KeHHH B CKATOH WaCTH CTHIKAa 
H OnpeneineTca NO dopmy.sie 


Minp = — | WOnnr dF, . (V1.41) 


rMe@ Ocn — HallpxAxKeHHA B cTbIKe 110 mopmyvie (VI.32); 

r — payHyc-BeKTOp, NpPOBeZeHHBIM H3 WeHTpa Kpy4eHHA B paccMaTpH- 

BaeMylO TOUKY CTHIK; | 
W — KOS@DPHILWeEHT TPeHHA B CTHIKe; 
® — NNOWakb CKATOH YaCTH CTHIKA. | 
Jia clyian, KOrQa HallpsAKeHve O,, paBHOMePHO pacnpesenenHo m0 Bcek 

paOoueh NoBepXHOCTH CTbIKa F pa6 o6obujan dopmyay HV. A. Buprepa Hua 
cayyaH evcTBHA HOPMaJIbHO pacTaruBatomeh cunt N, nomyuum [10] 


NN S 
Mn = (OF s——-) xe (VI.42) 





re S, = | raF —TOApHbI cTaTH4ecKHii MOMeHT CTHIKa. 
EcaM CTbIK HMeeT MOPMY TIPAMOYrOJIbHHKa wWupHHOH DO u BbBICOTOH A, 


TO WA Sy MOKHO HOAYSHT (popMy.ly 
s= {See tint ($44) + (4) x 
x | Se ane + Inte (+++) ]}s (VI.43) 
Q= arctg- ; p= = —9. 
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Tounoe onpegzenenue M,,, MpeactaBAaetT OoubUIHe TPyAHOCTH, oco6eHHO 
Hp packppiTuu cTpika. Tlostomy M,,, o6br4Ho He YHTHIBACTCH, 3anac mpou- 
HOCTH pH 9TOM yBeHUMBaeTCA. | 

Ecaw KpyTaujHH mMomMeut M,, BOCIIPHHUMaeTCA rIpHmacoBanHbIMu 6ou- 
TaMH, TO K HanpaxeHHam (VI.40) Heo6OxoquMO NpHOaBHTb KacaTeJIbHble 
HallpaAxKeHHA, BOSHHKaloulHe IPH HavaAbHOM 3aTAre OOJTOB HU ONpeesAeMbIe 
no dopmyvie (VI.37). Tlocne sroro HagoO BHIUHCUTh MpHBeseHHble HallpAKeHHA 
B OouTax H ONpeeHTb 3allachl NpOwHOCTH nN, H Ng. 


8. OB YYUETE BJIMAHHA @JIAHWEBbIX COEJHHEHHA 
NPH PACYETE KPbBIIIKH H BEPXHEFO KOJIbIIA 


K ppllika TYPOHHbI NpH NOMOMN PianweBoro COeAHHEHHA CKpenweHa C Bepx- 
HHM KOJIbIOM HallpaBJIAloUlero aliiiapata, a NocweqHee CKpellieHoO dianleBbim 
COC@IHHEHHEM C KOJIbIIOM CTaTOpa. BoviTb! PMaHWeBLIX COeCMMHEHHH OKa3bIBaloT 
CYLICCTBEHHOe BJIMAHHHE Ha BeNHYMHY AePOpMallHH KPHILIKH. 

[I[pu61Hu2xKeHHHIA cnoco6 yueTa BAHAHHA X%KeCTKOCTH iaHweB Ha nebopMa- 
IHiO BEPpXHero KOJIbILa HallpaBJAlolero annapata npeqiomuA JI. M. KauvaHos 
(cM. l-e H32aHHe HacTOAmeH KHHTH). OWHaKO 3TOT CNOCO6 He YUIHTbIBaeT CHIY 
HavaIbHOrO 3aTAra OONTOB (UIMMIeK) PaHWeBOTO COeCAHHEHHA, a Tak2Ke CHAY 





| 


Puc. VI.15. K copmecrHomy pacuery KPbIIUKH H pep xHero Konia 
Hanp aps mMouLero alllap ata 


B3aHMOJCHCTBHA BepXHeFo KOJbila C KPbIMIKOH. ItoT xe cmocoo T. X. OpayK- 
Kamenenkuit B pa6ote [102] npHmMenua Aa OWeHKH BJIHAHHA KeCTKOCTH *laH- 
HeBOTO COCIHHCHHA Ha JetpOpMallHH KPbILKH; MPH 9TOM OH HCXOAM M3 mper- 
JlOKeHuA OO aOCOMIOTHOH XKECTKOCTH BepXHero KOJIbIa HallpaBJIAlowsero all- 
napata H He yue CHIbl HaYaNbHOTO 3aTAra 6oTOB. Hue u3/laraeTcaA COBMe- 
CTHDIH pacueT KPbIIKH HW BEPpXHeFO KOJIbila HalpaBsAlolMero annapara. 

Ilyctb paquasbHblii MOMeHT BHeIWIHHX CH Ha KpblukKy papen M”, a pa- 
J\HaJIbHBI ~MOMCHT Ha BepXHee KOJIbIIO HallpaBlsdioulero annapata M?, 
(puc. VI.15). [loq aeticTBHeM STHX MOMEHTOB KDpbIllIKa H KOJIbILO CTPeMATCA 
NOBepHyTbCA Ha yruibt 0 u O,, KOTOPble ONpeseAIOTCA MNO POpMy.1aM: 

M, 
2nEn ’ 
Mor 
2NEKNK ? 


= 
(VI.44) 
0.= 
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rye E, E, — MOLY HOpMadbHOM yUpyrocTH MaTepvaJOB KPbIILKH H KObILa; 
nh, Ng — TeOMeTpHuecKHe XapPaKTePHCTHKH KDPHIINKH H KOJbila, ompe- 
WeAeMble 10 dopmy.aiam (V1.6). 

OHako CBOGOAHOMY MOBOPOTY KPbIIIKH H KOJIbIla IpenATCTByIOT 106aB04- 
Hbie MOMeHTHI M, u S (pue. VI.15), BosHuKaloulHe Mp pacKPbITHH CTHIKOB 
BO (MaHWeBbIX COCHHEHHAX KPbILIKH C KOJbIIOM H KOJIbILa CO CTaTOpOM. 
B pesysbtate sToro yIJibl MOBOpoTa KPBILIKH H KOJIbIa IIpHHHMAalOT HeKOTOpbie 
HOBbIe 3HaveHHA 6 u 0,: 


M? + Mz ; 
| 2nEn ” 
_ wu, —s | _. (VI.45) 
0, = ——_—_—— 


| 


ee 
—— 


2nE xk 


Jia onpenteseHua MoMeHTOB M, u S HeoOxouMo onpeleiuTh ycuaHn 
B OO/ITaX aHueBbIX COeHHEHHH. 

[Ipu sToM caeayeT pa3mH4aTb 1Ba BOSMOKHbIX clyuaa: 89 < 6, HO > O,. 

Cayiati I: 0 <0,. PaccmMotpuM Ba BapHaHTa. 

BapuautT 1: 0, > 0. B 3ToM cayuae MOmKeT NPOMSOHTH packKpLITHe 
CTbIKOB M@XKILY duaniamn NyTeM HX B3SaHMHbIX MOBOPOTOB BoKpyr Touek A uC 
(puc. VI.15). 

YcuiuHA B OomTax J, ckpenAIOulHx pans KPbILIKH H KOABIA, onpene- 
AAAIOTCA 10 Popmyule 


To= Ty +—5=* (0, — 9), (V1.46) 


rae E«6, /g — MOAYAH yiIpyrocTH MaTepHaJia OouTa WM MwoWadb ero n0- 
nepewHoro ceyeHHg; 
To) = 09/5 — CHa HatvaibHOorTO 3aTara 6onToR; 
O 9 — HallpsAKeHHe HauabHOro 3aTara Gonos. 
OctTaJIbHbie "o6osHateHua CM. Ha pHCyHke. 
Jlo6aBouvblh paavabHbi MOMeHT, JeHCTBYIOWHH Ha KDpbIIlIKy H KOJIbILO 
CO CTOPOHHI Ng OOJITOB, MOXKHO HaHTH H3 BbIPaKeHHA 


Me = T ofights = a + 6 (8, — 9), (VI.47) 
rye 
= Tonghe; 
__ W6E GF ghé (V1.48) 
— bo 


AHaJIOrH4HbI CHa H MOMeHT, JeHCTBYIONIHe Ha KOJIbILO HanpaBsiaromlero 
anillapatTa CO CTOpORbI “lg GOJITOB, KPpeMAWMX KOJIbILO K CTAaTOpy, 


E-F;t — 
Moa Tot —— On | (V1.49) 
S=Tinit=c-+d8,, 
rye 
c= T,n,t; 
1- no E oF ot | (VI.50) 


le 
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- Tlogcrapasa Beipaxenna (VI. 47) nH (VI. 49) 1 B } POpMysbt WI. 45) w peas 
HX OTHOCHTeNbHO 6 u 6,, nOyaHM: 7 


0= a8; — BO,, WI 51) 

rae 8, 0, —_ + yPat noBopota KpBINIKH WM -KOJIbIa, BEIUHCAeHHEIe m0 cbopmy- 

: Jiam. (VI. 44) H TOAY4eHHBIE: 6e3 yueTa BJIHAHHA A AAaHUeBElx co- 
eMHeHHH. 


‘Bespasmepunie KOSPPHIMeHTE @ H B YUHTHIBAIOT BAHAHHE branes Ha 
nedopMallHH KPbILIKH H KOJIbila HW ONpeeIALOTCA NO PopMyJiaM: 











b | Mrx a Cc \ 
Oe eM 
| M? | -  2UExny + 6+ d 
a= b b2 ’ 
T OnEn ~~ onEn (One +b+d) (VI.52) 
a bad | 
| — - — +. 
0 — 0. 
B— M,, M,, M, 
_ . l +. b + d ° - 
, 2nE xn | 


BapuauT 2: 0 <0. | 
 B 3TomM curyaae BOSHHKaeT MOMeHT S’, HallpaBJICHHbIH B CTOPOHY, NpOTHBO- 
MOJOKHYIO HalpaBseHuio S (moKa3aH IWTpHxXOBOH JIMHHeH Ha puc. VI.15). 
BenelcTBue STOTO HeEKOTOpble 43 MpHBeeHHEIX BbILIe POPMy/I H3MeHAIOTCA 
H TipHHMMAalOT BHI: 














P+ 


, , EF et TY . 
/ Pe= 1) - Ko | 
| 6 (V1I.53) 
~S =Tonst =c —d 0x, | 
rie 7 a 
= Tint; 
7 NEGF it? - | (VI.54) 
ee 
_ MM. —Ms+S 
0. = En , (VI.55) 
a BLIPaxKeHHA YTJIOB NOBOPOTa KPBINIKH H KOJIbilda CTAHOBATCH CIE YIOULHMH: 
6= ad; | | 
/ er ae - (V1.56} 
: B= BG, | 
rye SO ce | 
| MP a c’ } 
— NO ae ta 
1 a M, M, M, 
+ M? + TnEwic a be 
CS , 
QnEn 2nEn (QnE RN, + 6-+ d’) (VI.57) 
a ¢! bad 
}—-—S_4+—7- + 
5 — Min Mig Mex 
7 6+ d’ . 
J 
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Ecnau mpeHe6peub B3aHMOJeHCTBHeEM, KOJIblla Cc KpBWIkOH (a: b= 0) 
M CHJOH HadabHOrO 3aTara OouTos (c’ = 0), TO H3: NPpHBeAeCHHEEX BbIWe (OpMyJI 
nowyaaeTca cleqyroulee BbIpamKenue Aisa B: | 


; | 
x | | 
p* = —__,,—__ , (VI.58) 
l _ . . 
T 2NE qhx 
KOTOpoe coBnagaeT c dopmyvion JI..M. Kauanopa, IpHBO,HMOH B 1-M H32,aHHH 
KHHTH. 
Ec 2Ke IPHHATb BepXHee. KOAbIO HanpaBsAMoUlero annapata a6comoTHoO 
2KECTKHM (1 — oo) H MpeHeOpeyb CHO HavaNbHOrO 3aTara OouToB (a = 0), TO 
nomyuaetca ciefyrollee BLIPAKeHHe iA a: 


] 
(OF = ————, —— (VIL59) 
| i+ 2nEn 

KOTOpOe COBNafaer C BbIPaKeHHEM, NpHBOAHMBIM B pabore [102]. OueBuaHo, 
TO TakOe YIIpOWeHHe ABJIAeTCA HEOOOCHOBAHHEIM. 


Togcuntanupie no dopmysaam (VI.51) nau (VI.56) sHayeHua yruoB Ou 0, 
JOJDKHbI YAOBICTBOPATh HepaBeHCTBy 


a<6,. | (V1.60) 


Ecav 3TO yCJIOBHe OKaxKeTCA He BBITIOJIHCHHbIM, TO ACHO, 4TO CTBIK MexkKLy 
(blaHilaMH KpbIlIKH HW BepXHero KOJIbIla He PaCKpbiBaeTCA, a KPbIMNIKa H BepXx- 
Hee KOJIbIIO paGoTaiwT Kak eHHaA KOJIbIeBan JeTaib. B 3STOM CHyyaae WIA 
pacueTa KOJIbia H KPbILIKH HAO ONPeeNHTb WIA HHX CAHHbIe 3HAYCHHA Feo- 
MeTPH¥eCKHX XapaKTepHCTHK nH 1, BEITHCAHTb OOUIHe WIA KPbILIKH H KOJIbILa 
pawHasbHEI MoMeHT M° uw paquanbHyto cualy P°, a 3aTeM IpHMeHATb opMy- 
abt (VI.13)—(VI.16). 

Cayuati II: 8 > 0,. 3necb TakxKe Hao paccMOTpeTb Ba BapHaHTa. 
BapuautT 1: 0, > 0. B 3sTomM cayuae TakKxe MOKET NPOH3SOHTH PacKpbiTHe 
CTHIKOB M@XKLY *laHiaMu, HO B OTAHGHE OT Cy4aa | NOBOpOT anes npo- 
UCXOLMT BOKpyr TOUKH B (puc. VI.15). 

B pe3ysbTaTe ycuiHa B OomtTax J uM OOaBOUHBIN MOMEHT OT 9THX YCHJIHK 
paBHHI: 





E,F,h, 
T5=T yt an (8’ — 0°); (VI.61) 
M,=T,n,h, =a’ +b’ (6° —9;), (VI.62) 
rie | 
a’ = T )ftghe:; 
a 


_ Cysla WH MOMeHT, JefcTByollve Ha KObIO HaNpaBMAloWero aliilapata co 
-CTOPOHBI 6OITOB 2, OMpeweAIOTCA raK Ke, Kak H B cayyae I no copmy- 
gam (VI.49). 

_ Yriibl MOBOpOTa KPbIWIKH H KOJIbIla C yYYeTOM H3MeCHEHHA HalipaBJieHHA H. 
BeIMYHHbI MOMeHTa M, MOXKHO 3alHcaTb B Buse (puc. V1.15): 


9 = M; — Me . 
— QnEn ? 
Met Me 5 (VI.64} 
Ko QnE nx ° 
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TloactaBaas: 3HayueHHa (VI.49) u (VI.62) B ypaBHeHua (VI.64) H pemasn ux 
OTHOCHTeJIbHO O° uw 8’, NOy4HM: 


Q’ = a'8; 
0’ = '0,, (VI.65) 
roe 0, 0, — yIrubl NOBOpOTa KDPBIWIKH HW KOJIbIla, BLIMHCJIEHHbIe 10 dopmy- 
iam (V 1.44) H TIOJIYYeHHbIe 6€3 yueTa BJIMAHHA CPJaHWeBbIX CoO- 
eqHHeHHH. 
Bespasmepuple KoappuiventH a u Bp’, yuvTbIBalOlve BAMAHHe Paranues, 
ONpeAeAIOTCA 110 MOpMy.1aM: 
0 
o( Mr + a’ __ Cc 























0 0 0 
1 a’ 4 M, M, M, 
M° 2nExi, +b’ +d 
a, 
TOnEn ~~ 2nEn (2NExn,y + 6’ + d) (  (VI.66) 
a’ c b’a’8 
1 + + 
0 0 0 
B’ __ M, Me Mr 
7 pp a 
QE glx 


BapuautT 2: 0, <0. B 3Tom ciyyae, Kak ObIO MOKa3aHO BHIMe, BO3- 
HHKaeT MOMeHT S’, onpeyeaembIi mo dopmyse (VI.53) H NOKa3aHHbIi WITpH- 
XOBOH JIMHHeH Ha puc. VI.15. [loxcraBaaa 3Ha4enue (V1.53) B dopmyup (VI.64) 
H Y4HTHIBaA B NMOCJeHHX H3MeHeHHe 3HaKa S, MOXKHO NOJYIHTb CeLyomlHe 
BbIPaKeHHA AAA YIIOB MOBOPOTa KPbIMIKH HW KOJIbIUa: 








oe (V1.67 
0° — pO, ‘0/) 
rye 
mM. a’ , 
ye (Mee pe) | 
a’ mM? mM? 
1 — Meo + ——“‘onEgin FO ad eee L 
a _ ro = 
14 b 
Onin  QnEn(QnEsn,b’ +d) | (VI.68) 
c’ 6'a’8 
8’ Tyo a +e r mM. 
— b’ +d’ 
Ir QTE xx 


Tlogqcuntanupie no popmywiam (VI.65) nau (VI.67) sHagenusa yraos 0 un O° 
JOJDKHbI YROBICTBOPATb HepaBeHCTBYy | 


ot ae (VI.69) 


EcJId 3TO yCIOBHe He BbINOAHAeTCA, TO CTEIK MeEKAY DaaHWaMuW KPbILKH 
HW BepxHero KOJIblla HallpaBJIAlOlWero allMapatTa He paCKpbIBaeTCA, a KPbIlIKa 
H BepxHee KOJIbIIO paOoTaIOT KaK eCAHHAA KOMbWeBAaA ReTanb. PacueT B 3TOM 
clyyae MpoBoszuTca no dopmysiam (V1.13)—(VI.16), paccmMarpHBaa Kppllky 
H KOJIbILO KaK CAHHYIO KOJIbIeEByIO JeTaJIb. 
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HanpsxKeHHa B KDpBIIIKe H B BePXHeM KOJIbUe HaNpaBJAlowlero annapata 
C yYeTOM BAHAHHA danveB ompeyeisioTca Aa cayyan I np 0, >0 no 
MopMyiaM: 


mM, poy 





O;= —a—5-0° TT oT oT 
21n 6 Ql ro? 

0 0 (VI.70) 
o,=—p—— 2 me 
i ~~ 20tNx r 2st x r ° 


Jia APyrHX BOSMOXKHbIX CyUaeB KOMPPHUNEHTH! @ H BP 3aMeHAIOTCA COOT- 
BeTCTBYIOULMMH HM ApyrHumMu KoxppuUHeHTaMH (a, 6 HT. J.). | 

B 3aKJ0ueHHe OTMCTHM, YTO BJIMAHHe laHileB CBOJHTCA K yBeJIH4eHHIO 
*KECTKOCTH OMHOH H3 AByX JeTasieH HW YMCHbIMeHHIO *KeCTKOCTH Apyrou, Mo- 
3TOMY TFOBOPHTb O06 «yKeCTOUAIOINeM BJIHAHHH djlaHuleB» He IIpaBHJIbHO. 
B WacTHOCTH, MOKHO yKa3aTb TakHe 


A & B \mMm 
clyuau, KOra %KeCTKOCTb KPpbILIKH . 


TYPOHHBI B pe3yJbTaTe ee B3aAHMO- 4 : 
eHCTBHA C BePXHHM KOJIbILIOM Ha- 20 
ipaBJAIOWero alliapata He yBeJIH4H- 40 


BaeTCA, a yYMeHbillaeT¢a (HalpHMmep, 
cnyuah I] npu M® <Q). 2 
Ha typ6nHax Bosmxcxoh TOC 









y 
\ 








NSS 


pata Ha ofHoH u3 TypOuH. Laat « 
Su 

3TOTO 3AMEPAJIHCh TOPIUEBbIe 3a30PbI See 
MeXKIyY HHKHHM HW BepXHHM KOJIb- | 
ilaMH HallpaBJiatollero aliapata u 
HallpaBJIAIOWNHMH JONaTKaMu B TOU- 
Kax A, 5B u B (puc. VI.16). — | 

HepopMauHu BepxHero § KOVJIbIla 
ObIJIH BbISBaHbl IIpHJIOKeHHEM BeCo- 
BLIX Harpy30K OT JeTaseh Hanpa- 
BIAIOULerO allnapatTa uM Beca potopa Puc. VI.16. K 3amepy AeopMaliuu BepxHero 


a 


7 


B—VA | ‘ 
NpOH3SBOJHJINCbh IKCIEPUMCHTFAJIDHbIe | y Ay Y SSS 
uccleqOoBaHuA AedopMalHhH Bepx- 7 Ly A YN 
Hero KOJIbIla HalpaBJIAoMero ayma- Wy y py N 
a-4 |B 
4 | | 
f 


y) 
Don 
N 
= 


S 
N 


=f 


SS 
__t 
TT 
Ve 
H 
Y 


arperata, NepeqaBaeMoro Yepes OO- cum: 2 nenguee komuuo: g 

: ; —KpbiliKa TYpOHHBI, — BepxHee KOJIDBILO, 3— CTa- 
Py NAThI, YCTAHOBJICHHY!O Ha KPbIMIKe P TOp; ae Hanpabaaoman nonatTKa 
Ty pOHHHI. 


Jia MOMYYEHHA AOCTATOYHO TOUHBIX JAHHbIX O XapakTepe eopMallHn 
BepXHero KOJibila AecsbopMallHH H3MepAJINCh H B Iipowecce MOHTaxa arperata 
TIpH JeCHCTBHM pa3JIHUHbIX BeCOBLIX Harpy30K: Beca HalipaBssioujero amma- 
paTa, Beca poTopa reHepaTopa uM Beca poTopa BCero arperata. | 

SamepaMi, NpOH3BeeCHHbIMH Ha OAHOH H3 TYpOHH, ObINO yCTaHOBJeHO, 
TO IIpH HavabHOM Harpy2XeHHH BepXHero KOJIbIla Make HeOObUIOH Ha- 
rpy3KOH OHO MpornHOaeTcA Ha 3HAaUHTeJIbHYIO BeJIHYHHY, pH a/ibHeHUIeM 
Harpy2KeHHH epopMallHH pacTyT MeJVJIeHHee. 

I]pu CHATHH Harpy3kH C BepXHero KOJIbILa OHO He BOSBPalllaocb B NpexKHee 
nowmomxeHve. BHIMMO, HMGJIMCh OCTATOUHbIe JepopMallvH. CuelopaTebHo, Je- 
(bOpMaHHH -BepXHeLO KOJIbILa COCTOAT H3 AByX‘4acTeH: yupyroh HW HeylpyroH. 
Heynpyraa jedopMalluaA MOxeT ObITb 3a CUeT CMATHA rpeOeuIKOB Ha OO6pabo- 
TAHHBIX TOBEPXHOCTAX, BLIOHPaHHA 3a30POB NO MOBePXHOCTH COMNPHKOCHOBe- 
HHA *blaHWeB HW HEKOTOPOH AeopMallHH CTLIKOBbIX (JaHIeB. 

ConocTaBJleHHe ynpyrou 4acTH JepopMallHH BepXHero KOVIbIla, OnpeeJieH- 
HbIX 3KCHCPHMCHTaJIbHbIMH UCCeEJOBaHHAMH H MOJIYYeHHbIX pacueTOM JIA 
COOTBETCTBYIOULHX TOWeK, NpHBeszeHo B Taba. V1.6. 
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Ta6auua VI.6 


ConoctTaBjeHHe Je@opMaluHh pacueTHbIX H 9KCNepHMeHTasbHbIX 





TouKkH 
JlebopMaulHn 
A BMM BBMM BBMM 
Pacuetuble npn B = 1 0,74 2,29 3,25 
» » pf = 0,79 (6e3 yueta 0,58 1,81 2,56 
HavabHOoroO 3aTAra) | 
Pacuetuble npx 6 = 0,68 (c yueTom | 0,51 1,56 2,20 
HavaJIbHoro 3aTsra) | 


OKchep HMeHTaJIbHBIe 0,61 1,59 1,80 


Tipu TeoperHueckoM onpezeeHHH MepeMelleHHH pacueT Mpou3BeeH B Tpex 
BapHaHTax: | 

1) BAHAHHe lanweB He YUHTHIBaNoch (fp = |), 

2) YUAHTHIBaIOCb BIHAHHE PMaHWeBOrO COCEAHHEHHA CO CTaTOPOM IIpH OT- 
CYTCTBHH Ha¥aJIbHOrO 3aTara OouToB (B = 0,79), 

3) To Ke IIpH HaNpsAKeHUH HadabHOro 3aTAra Og=1000 KI/cm? (B = 0,68). 

Kak BHJHO H3 TaOHUbI, WePOpMauHH, MOACYHTAaHHbIe C YYeTOM HadaJib- 
HOrO 3aTAFa OOJITOB, YROBJICTBOPHTeEIbHO COBNaaloT C SKCMePHMeHTAJIbHbIMH 
JaHHbIMH. 


9. O PAL[HOHAJIDHOM IIPOEKTHPOBAHHM = KPbILIEK 
FH APOTYPBHH 


Kppllika rHdporypOuHbl * ABIAeTCA OJHOH H3 HaHOoee MeTAaJIMOeEMKHX 
etaneH Typ6unpr. [lostomy ee pallHOHasIbHOe KOHCTPyHpoBaHHe MpHBOAUT 
K CYIMIECTBEHHOH 9KOHOMHH MeTaJJia WH Tpyfa. Matepvan xkppmkH MCtr.3. 
Hanpsaxenve jonyckaer o = 1100+1200 x«I/cm?. 


Ta6auua VI.7 KpbiuukH cJleqyeT BbINOMHATD CBapHbIMH. 
MuuumanbHas Tommuna KoncrpyHpoBanke Hao HauwHHaTb C onpefere- 
HADYRHOTO qualia KPHLINKK HHA BHeWHero KOHTypa KPbIKH H JeHCTBYyIO- 


MmHX Ha Hee Harpy30K. TOJIMMHa WpoKaTa, H3 
KOTOPOPO BBINOJIHAIOTCA Te HJIM HHbIe 9JIEMeHTHI, 


$8 e | 

aa) O Go . 

af - | § JOUUKHa ORPeeATHCA pacueTOM H TOM poi, 

8 ee | a KOTOPY!O S/IeMeHT HIpaeT B KOHCTPyKUUH. 

gee ge | es Tonmuna (baania s paccunThiBaetca c y4e- 

2m SE | 5a TOM IIPHMbiKafolulux K HemMy peOep. Ecan no 
yo & © 

EL x10 i BE 


pacuery lane, OKa3bIBde€TCHA CJIHHIKOM TOH- 
KHM, TO STO HEKEMATCJIBHO H3 TEXHOJOrHOCCKHX 





Ho 4 35 | 45 | coo6paxenuit. B Ta6a. VI.7 mpuBogutca-peKo- 
Or 4 fo 5,5 40 30 MeCH]yeMaA MHHHMAaJIbHaA TOJILLHHA ONOpHOro 
Cppiue 5,5 45 55 dulania. 


Iipunyck Jaa oO6pa6orKH ONOpHOK MIOCKO- 
CTH dana He JouKeH npeBbuuaTb 10 mm. 
OnTHMaJIbHOe KO/HYeCTBO peep, NPHMbIKalOmux K any, paBHO MOJO- 
BHHHOMY 4HEyY KpenaAllHX KPbIKy winHieK, TomujuHa pebep NpHHhMaetca 
paBHOH TOJMMHeE BEPTHKaIbHOH cTeHKH 2 (cM. puc. VI.3). 





1 B nepBoM H3qaHHH HeT pacueTa NpH Og = 1000 KFi/cm*. 
2 Matepuan Hacroslmero naparpada Hanucay HW. HW. UWipupo. 
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Pe6pa k daanuy npuBapnBaiotca ‘K-o6pa3HbiM BOM C HeOOJIbILIMM TipH- 
TyMAeHHeM B KOpHe BO H36@:KaHHe BbIPYOKH KOPHA UWIBa, K° BeEpTHKaJIbHOH 
cTeHKe —- yIJIOBLIM JBYCTOPOHHHM LIBOM. Ecau sbicota -pé6pa paBHa ‘HJIH 
MeHbIle IUHPHHbI @AaHila, TO BCe WIBbI y peGep BRIMOMHAIOTCA K-o6pa3HbIMH. 
IIpu BriGope BEICOTE! peOpa ‘caeayer Y4YHTHIBaTb, YTO HeOCTaTOUHO BLICOKHe 
peOpa MOryT CHH3HTb MOMeHT CONpoTHBeHHA daaHia. Tlostomy oTHOWMeHHe 
BLICOTL! peOpa fh K wMpHHe daania /, Ha yaacTKe ofHOro pebpa He HOJDKHO 
ObITb MCHbINe BEHUHHbI, OfpesennemMoH m0 rpaduKy pwc. V1.7.) 

Onopuoetit duane / (cM. puc. VI.3). He CneqyeT BLINOJHATD ZBOHHEIM, Tak 
KaK JBOHHOH (baaHell TEXHOJOFHYECKH cuomwkunee; O6xonzuTCcA FOpoxe.Hn Tpe- 
OyeT OoOubuwiero KONMYeCTBa - MeTaJa. 


ehhh dhl Ss naeaetememervemnaenl 


\ POPOL M EMO DE LEE aS. 


LLL 








8) 





hh hp hhh hh hdd 






N phahnhahohehehohethohahanhahabate 
Ree 


N 
\ 
\ 
N 
S 





N 
N 
N) 
N 
N 
N) 
\ 
N 
K) 
N 
N 
N 
N 
N 
. 


105 “1 015 02 025 





h/t @ PT PTILZIZIZZE. 
Puc. VI.17. 3apHcHMocTb MHHHMabHOn Puc. VI.18. ononnutenp- 
BEICOTHI peOep OT TOJM[HHLI WH UWMPHHb Hble pe6pa B KpbluiKax rHy- 
(plauita poryp6uH 


ToOJUIHHY BepTHKaJIbHOH CTeHKH 2, K KOTOPOH NpuBapHBaeTCA baanet, , 
IpHHHMAaIOT s, = 0,7s. | 

TomuiuHa BepxHeH NOAKH 3 He JONKHAa NpPeBbLaTb TOMUMHbI BepTHKaJb- 
HOH CTCHKH. TOAMHHAa HHKHHX NOOK (JHCTOB) OmpeseaeTCH TaHreHWHaJib- 
HbIMH H JONMOJIHHTeCJIbHBIMH (MeCTHbIMH) HallpA»xKeHHAMH (cM. Bbe). [Ipu 
BbIOOpe TOJUIMHbI MOOK MOJIe3HO NOMHHTD, YTO TOJLMHHa JIMCTOB Ha NepHdepuy 
KPbILKH OTHOCHTeEJIbHO MaJIO BJIMAeT Ha ee OOULYIO NPOUHOCTb. BTO CBA3aHO 
¢ TEM, UTO MAKCHMA@JIbHbIe TAHTeCHI[MaJIbHble HallpAXKCHHA HMEIOT MECTO B 93VIe- 
MeHTaX, PACIOJO*KeHHEIX ONHKe K OCH KpbIMUIKH. Ilostomy, ecu: TpebyeTca 
NOHH3HTb YPOBCHb MAKCHMAJIbHBIX TAHTCHUHAJIDHbIX HallpAXKeHHH, TO YCHJIH- 
BaTb (YTOJIMaTb) HaO WeHTpaJIbHbIe KOJIbIIEBbIe 3JICEMCHTbI KDbIIIKH. 

KOAM4eECTBO OCHOBHBIX PpalHasbHbIX peOep NPHHHMaeTCH paBHbIM MOJO- 
BHHHOMY UHCIY HallpaBAIOUlHX sOMaTOK. TouujHuHa WX oMmpeenaerca U3 
yCHOBHH MpoOuHocTH Ha cABHr 0 dopmMyviaM (V1.24) u (VI.26). 

Jiik KDPbILIeK pafHasbHO-OCeBLIX TypOHH PeKOMeHyeTCA IPHHHMAaTb BbI- 
coTy peOpa B CaMOM TOHKOM mecte A, >0,6h,, re h,—MaKCHMaJIbHaAd TOJULHHA 
KPbILIKH. PeOpa AOJKHBI ObITh CIVIOUIHbIMH, TaK KaK OHM MpHAaloT KPbIllKe 
3HaYHTCJIbHYIO 2KECTKOCTb H IMPOUHOCTb, MO3BOJIAH OMHOBPe@MeHHO pe3KO 
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COKPAaTHTb pacxOd MeTaJa, ITO OOBACHAeTCA TEM, YTONPH CNJOWHEIX pe6pax 
HX YHCIO MOKET ObITb 3HAYHTEJIbHO YMCHbILNeHO MO CpaBHeHH!IO C KOHCTPYK- 
ILHAAMH, CHaO2KCHHBIMH KOHTYPHbIMH peOpamu. Tak, HalpHMep, AIA OAHOH 3 
KPYNHbIX Typ6uH JIMS O6blia M3roTOBJIeHa ONbITHaA KPpbIlKa CO CIVJIOWMHbIMH 
peOpaMu, HCO KOTOPHIX ObIIO YMeCHbILeHO BABOe MO CpaBHEHHIO C CepHHHbIMU 
KPbIIIIKaMH, HMECIOINMMH KOHTYPHble peOpa. STO NOSBOIHJIO COKpaTHTb pacxon 
pokaTa Ha OMbITHY!O KpbIIKy Ha 30%, IpHueM 2XKeCTKOCTb H MpOUHOCTb ee 
OKa3aJIHCb He MCHbILUMMH, 4EM yY CEPHHHbIX KPbILLUeK. 

Ecuw B pe6pax HeoOxOAMMBI OTBeEPCTHA, TO OHH JOJIKHBI ObITh HEOOJIbIIMMH 
H UMeTb Kpyraylo dopmy, HOO BcAKaA Apyran popMa co3zaeT OowbuIHe MecT- 
HbIe HalpsxeHHA. IIpnH pacuere peOep.c OTBEPCTHAMH HallpAxeHHA B HUX 
ONpelesiAIOTCA C YYETOM KOHWEHTpalun no dopmysam (VI.27). 

B tex cayuaax, KOra B HHKHeEM MOACe KPbIMIKH BOSHHKAaIOT OO/bIUIHe 
MeCTHbI€ HalpAKeHHA OT H3rHOa THApPOCTaTHueCKHM AaBMeHHeM, A CHHKE- 
HHA STHX HallpAxKeHHh weslecooOpa3Hbl HapAAY C OCHOBHBIMH TakKe JOMO- 
HHTeIbHbIe peOpa. []pHmMepbi HEKOTOPEIX JONOMHHTebHBIX peOep MOKa3aHbl 
Ha puc. VI.18, a, 6, @. 

CeueHHA palvaJibHbIX CBapHbIX WIBOB, COCAHHAIOWWHX peOpa Cc KObIeBbIMH 
3JIEMCHTAMH KDHbILIKH, JOJKHbI BLIOGHPaTbCA Ha OCHOBAHHH pacueTa; NpH 9TOM, 
Kak paBHaAO, HeOOXOJUMaA TOJIMIHHA IWBOB NOJy4aeTCA 3HAYHTeJIbHO MeHbILe, 
4eM TOJIL[HHa JIMCTOB KOJIbIIeBLIX 3JIEMCHTOB. KoOwbIeBLIe CBapHbie HIBBI, 
HampuMep mwBbt Ne /—4 (puc. VI.3), HarpyXeHbI BeCbMa MaJIO, HX TOJULHHAa 
He JOJOKHAa MpeBbillaTb 3HAYeHHA, MpH KOTOPOM MOMEHT COMPOTHBJeCHHA 
WIBOB paBeH TOJOBHHE MOMEHTA COIPOTHBJIeCHHA COCAHHACMBIX MMH JIHCTOB. 


Taasa VII 
PABOUHE KOJIECA PAJIHAJIbHO-OCEBOFO THMA 





1, KOHCTPYKUHH PABOUHX KOJIEC 


Pa6ouve KOJIeca paWasbHO-oceBOoro THIIa NPpHMeHAIOTCA JIA WHpoKoro 
Wana30Ha HanopoB MH KoxppHUHeHTOB OpnicTpoxogzHocteH n,. Ha puc. VII.1 
BHAHO, KaK MeHAeTCA (hOpMa NPOTOUHOH wacTH paOoyero KOMeCa PpawHaJIbHO- 
oceBoro THIIa B 3€BHCHMOCTH OT ObICTPOXOAHOCTH B pesenax oT n, = 60 Jo 
n, = 400. IIpu Manon OnictpoxogHocTu (n, = 60) BxXoqHaA KpOMKa JlomacTH 
Kojeca / pacnojaraerca OObIMMHO B BePTHKaJIbHOH MJIOCKOCTH Ha OOJIbuIeM, 
yeM BbIXOAHaA KpOMKa 3, WHameTpe. | 

BpixoqHaA KPOMKa pacnOjaraeTca Ha NOBepXHOCTH, NpHOmMKatollenca 
K TOPH30HTaIbHOH nocKocTH. IIpopuanH BepxHero 2 H HHxKHerO 4 OOO0B 
KOIeca CXOJHbI Mexkiy co6oH. Crynuua kKosleca 5 mpuMbikaeT K BepXHeMy 
o6ony 2. OTHOCHTeIbHaA BbICOTa BXOJHOFO OTBepcTHA paGouero KOseca D,/D 
HeBeuKa. JlonacTb paOouero KOJIeCca BLITAHYTa OT BXOXMHOH KPOMKH K BbIXO]- 
HOH IPH OTHOCHTeIbHO MaJIOH WIHpHHe MpOxogzHoro KaHawa. J)a KoMeca OONb- 
wenh ObicTpoxogqHocTu (n, = 190) xapaKkTepHo, 4TO Mpodusib BepxHero 2 H 
HuxKHerO 4 OOOJ0B CYMMeECTBEHHO OTH4AaIOTCA Apyr OT Apyra, BxozHasa J H BBI- 
XOWHaAd 3 KPOMKH JIONAaCTH pacnOJIOKeHbl CpaBHHTeAbHO HeasweKO pyr OT 
Apyra, Mpv61u3suTembHO MO KOHHYeCKHM MOBepxXHOCcTAM. OtHomleHHe 0,/D 
B JaHHOM cJlyyae 6obule. BxonHoK D, UW BHIxOqHOH D, AHaMeTpHI KOvIeca 
NOWTH paBHbI MexKAy co6oi. 

Jina pa6ouero Koseca eme Gombe ObicTpoxoyHocTu (n, = 400) qauHa 
JONAaCTH CTAHOBHTCA elle MeHbilleH, oTHOMeHHe 0,/D euje GombuiuM. BepxHHu 
060 2, 10 CyILeCTBY, CJIHBaeTCH B OHO Leoe co crymMmew pa6ouwero Komeca 5. 
B qaHHom cayaae D, > Dy. : | 

SaBHCHMOCTb IipodusieH OCHOBHHIX 3JIEMeHTOB pabouero Kosieca — s0MacTH, 
BepXHero H HHKHEerO OOOAbEB UH CTYMHUbI — OT ObICTpOXOAHOCTH OOyCJOBIN- 
BaeT HeEOOXOJHMOCTb Pa3JIH4HbIX KOHCTPYKTHBHBIX peleHHH paOouHx KoOVec. 

B HacTonujee BpeMA IIPHMeHHAIOTCA paGouHe KOJleca pajHaJIbHO-OceBOro 
THMa CO WITaMMOBaHHbIMH JIONacTAMH, 3aJIHTbIMH B HHKHHA HW BepXHHH OOOH; 
W€bHOMMTOH KOHCTPyKUHH C MpoO@vAHpOBaHHbIMH JIONMaACTAMH; COCTABHbIe 
M3 CBapHOJIHTHIX KOHCTpykuuH. B 3aBHCHMOCTH OT pa3MepoB KOJIeca MOTYyT 
ObITb LCJIbHbIMH HJIM pa3SbeCMHbIMH Ha HeCKOJIbKO UaCTeH, COeHHACMbIX 
MeXxKy coOoH ChellHabHbIMH JeTaIAMH WJM CBapKOH. 

Ha puc. VII.2 noka3aHo Kovleco CO LITAMNOBAaHHbIMH JOMacTaMH. CrasipHple 
IUTAMMNOBaHHbIe JWONAaCcTH 2 3aMTbI B YyryHHyio crynuny / 4 HHKHHH COOL J. 
Takve paOoune kKowleca HpHMeHAIOTCA AIA TYPOHH HeOOJIbIOH . MOULHOCTH 
HM HeOonbuioro pa3smMepa. IIpH aHamerpe Koneca D,=—1,0 m TomuHHa sona- 
CTH paBHa s,; ~ 10 um, ray6uHa 3anoKeHHA sIOMaCTH B cTyMMHy Hu OOO] 
Sg = 30-40 mm. Bxonquaa KpOMKa 3aKpPyIruineTCA palHyCOM, paBHbIM 
NOMOBHHeE -TOMMHbI sonacTH R = 0,5s,;, a BbIxXOJHaA 3a0cTpxHeTca oO 
paguyca R = 1+2 mm. Kpomku stonacTted o6pabaTbiBaloT NOX «acTOUKHH 
XBOCT» HJIH BBINOJIHSIOT B HHX KPyIJIble OTBEPCTHA, a 3aTeM 3aJIHBalOT B OOO] 
M CTYIMILy. 
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JlonacTH WITaMIyIOTCA C NOMOLLbIO CleWHabHO H3rOTOBJCHHbIX WyFryHHbIx 
wiTaMnoB. Ilpu dopMoBke AVIA OTMHBKH CTYNMHNbI H O6oOMa pabouero Koseca 
B (OPMy BCTABJIAIOT CTepKeHb CO CPAaJIbHbIMH .-WITAMNOBaHHHIMH JIOMaCTAMH. 
IIpH sToM oco60e BHHMaHHe YAeJAeTCA NpaBHJIbHOMY paciosOx*KeHul0 sonacTen 
B CTepKHe, KOTOPbIN H3POTOBJIAIOT 3apaHee B CIeIHaIbHOM ALLHKe. 





Puce. VII.1. Dopma Konec: paqHanbHo-oceporo THA paBHON 
oe GbicTpoxoqHOocTH (76 = 60 + 400) : 


Ha puc. VII.3 noka3aHO Ha TpaHCcnopTepe H3roToBAeHHoe JIM3 pa6ouee 
KoIeco WuHamMeTtpom D = 6,3 m mMomHOH TypOuHEI (N = 180 000 xem, H = 
= 57,5 um, n = 100 06/mun). Bepxunit 0604 sonacTu WH. HAKHHH O6O7 CBapeHbl 
OO _ | | Mexiy CO6OH H HpeAcTaBJAIOT C2HHY!O KOH- 


CTPYKILHIO. . : 
OObIUHO KOJIHUeCCTBO wOoMmacTeH kovleca 
paBuo 14—18. | oe 


IIpomuab slomactH,.ee KOH®urypalua W 
pacnowoxweHve MexKYy BepXHHM H HHKHHM 
o6oJaMH HMeeT OouIbINOe 3HAUeHHE AVIA SHEp- 
reTHuyecKHX MoKasaTeyieH Koseca. Llostomy 
4 TIIPH OTMHBKe WH OOpaboTKe KOJIeca OOpalatoT 
OobW0e BHHMAaHHe Ha NpaBHbHOoe Moo «Ke- 
HHe JIOMacTeH H HX KOHDHrypalluno. : 





Puc, VII.2, Koneco pagvambHo-ace-  TIlpu u3roTopieHHu MOJeJIH AAA OTIHBKH 
BOrO THNa CO IITAMIIOBAHHBIMH JIONa- . 
. TaMH | KOIeCa CaMH JIOMaCTH 3afaioTcA ABYMA Ipo- 


oo. CKI[MAMH (Me€PHHOHAJIbHOH UH T11aHOM), BbI- 
NOJIHEHHBIMH OOBI4HO B HaTYPaJIbHy!to BeHUnHy. Ha 3TH TIPOeKWHH HaHOCATCA 
Ce4eHHA MJIOCKOCTAMH, Ne€pNeHAHKYAAPHBIMH OCH paG6ouero KOJIeCa, Kak NOKa- 
3aHo Ha puc. VII.4. a , — 
MepHdvHoHaibHad TMpoeKWHA MOMyYaeTCA COBMeLIeHHeM MyTe€M MOBOpOTAa 
BOKpyr ocH paOoyero Kosleca TOUeK BXOJHOH H BbIXOHOH KPOMOK JIOIEaCTH 
B OXHOH MJIOCKOCTH, NpOxosAMeH uepes STy Ocb. TlosToMy paccTosxHue OT TOUeK 
J1OMacTH JO OCH TYPOHHHI He HCKawKaerTca (UWIMHApMueCKHe MpoeKilHH). 
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Ha nuane u306paxKeHbl NpopuiH ceyeHHA MOMACTH MJIOCKOCTAMH, nep- 
He€HIHKYJIAPHBIMH OCH TypO6uHbI. BornyThie CTOPOHEI cesyeHHH H300paxKeHbl 
CHJIOWHBIMH JIMHHAMH, BbIMyKJIble — WTpHXxOBbIMH. Tlocne OTMHBKH JOMacTH 
MeXaHH4ecKoH o6pa6orKe NOABepraioTca TOMbKO BXOJHAaA MH BLIXOAHaA KPOMKH, 
KOTOPHI€ 3AKPYTIAIOTCA MO. CHeLMaAbHEIM wma60HaM. Camu somacTuH He oOpa- 
OaTniBaioTca. [lopepxuHocru siomacTeH, cTynuubt u o604a, orpaHHunBaloulHe 
M@2KJIONACTHbIe KaHaJIbl, He MOFyT ObITb. OOpaboTaHbl Ha CTaHKe, H BCAKHE 
ReeKTEl NPHXOAHTCA HCIpPaBJATH C MOMOMLbIO HalllaBKH MeTaJa C MOCMeAyI0- 
meH sauucrKoH ero. TlopepxHoctu lomacTelt MiIb 3auimudospBalotca. [o- 
STOMY IPH OTMHBe KOsIeCa O6pallaloT OcO6o0e BHHMAHHe Ha MpaBHJIbHOe MOJ0- 
*enHe Nonacteh. II]pumMensioT crellHaJbHble (POPMOBOUHHIe MaTepHaJIbl, OKpa- 





Puc. VII.3. LlenbHomutToe KONecO paqHaibHO-oceBoro THMa 


WIMBalOT NOBEPXHOCTH JOMacTeH CnelHaJIbHbIM MPOTHBONPHrapHbIM COCTaBOM, 
YTOOBI NOAYIHTh NOBEPXHOCTH OMacTH H O60beB BO3MOXKHO Goviee riaqKHMH 
H MpaBHJIbHOH MOpMBI. an 

IIpH HeocTaTOUHO xXopoweH OTMHBKe MpHXOAHTCA 3aTPpa4HBaTb MHOTFO 
PY4HOTO TpyAa ANA MpesBapUuTebHOH OOpyOKH HU NocHeLyloulero WIMpoBaHHA 
MOBepxHocTeH paOouero ‘Koseca. 

IJocne u3roToBmeHuaA pa6ouero KOseca MOMHMO OObIMHbIX MeTOJOB KOH- 
TpOA, MpoBepKH reoMeTpHueCKHuX pasMepoB H cpopMbI MIpoTOuHOH 4acTu O6s- 
3aTeJIbHO MIPOBOAAT NpOBEPKy «paccTOAHHH B CBeTY» dy JOMacTeH Kovieca. 

PacctosHue .B CBeTY Aq eCTh. HaHKpaTuaiilee PaccTOAHHe OT TOYEK BBI- 
XOMHOH KPOMKH JaHHOH JlomacrH, 40 MOBePXHOCTH cocezHeH JIOMacTH. ITO 
paccTosHHe no cyulecTBy OnpeyesAeT MHHMMAIbHOe IIpoOxoHoe OTBepcTHe pa- 
Souero Koeca, KOTOPOe OGEcnedHBaeT ero MIpONyCKHYy!0 CMOCOOHOCTh H, CuJle- 
QOBaTe/IbHO, MOULHOCTh, KOTOPyi0 MOXKeT MaTb KONeCO MPH aHHOM Halrlope. 

PaccronHue B CBeTY Uy OllpelenneTcA NO MepHAMOHAaIbHON MpoekuHh H 
niaHy, yKa3aHHbim Ha puc. VII.4;, CnexyroulHM MeTOJOM: Ha BbIXOJHOH KpOMKe 
jonactu uKcupyoTca TOUKH So, S3, Sq MyTeM 3aceveHHaA HX AyraMu payny- 
COB fg, fs H 4 C HEHTPaMH B Touke S,. ToukH S, HS, ABJAAIOTCA TOUKAMH Tepe- 
CeueHHA JIMHHM BbIXOJHOH KPOMKH C NOBEPXHOCTAMM CTYNMIIbI H o6ojia. Hasee 


wepes TOUKH Sy, Sg, Sg, Sy MPOBOAATCA BepTHKadH S1S1; S2S9; S383, S4S4. 
Ha naane HanocuTca wHHua SS’ BbIxoqHOH KpOMKH coceqHeH somacTH, 


On es € 
KoTopast pacnoJaraetTcu Hojl YIrJIOM a K BbIXOJHOH KDOMKe paCCMaTpHBaeCMOH 
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p0eKUUA NONACIU 








JonacTH. Ha stow AMHHMH HaHOCATCA TOUKH S,, So, S3,S, # Ss, KOTOpble 3ace- 
KaloTCA OT WeHTpa KOseCa COOTBETCTBEHHBIMH pashyCcaMu R,, Re Rs, Rg HRs, 
BSATbIMH C MEPHIHOHAJIbHOH MOcKOcTH. OT kaxKAON W3 TOUeK S,, So, Sg HS, 
Ha WJlaHe OMPeAeIAIOTCA HOCeOBaTeAbHO KpaTYahiine paccrOodHHA JO pxAna 
rOPH3OHTaJIbHbIX CCYeCHHH BHINYKJOH NOBEPXHOCTH, paccCMaTpHBaemMon aonacTH. 


OTH paccTOAHHA HaxXOAATCA AyraMu palMycoB, HallpuMep, H3 TOUKH Ss — fio, 


ro, Ta, T7 1g. PalHycet rio, fo, 3,77 Ug OTKMaRbIBalOTCA Ha COOTBETCTBYIOULUX 
apasienAax 10, 9, 8, 7 HW 6 MepHAHOHAIbDHON MpoeKUHH, H Yepes NOAYeHHbIe 


TOUKH Gio, Go, Gg, @7, Og HPOBOAHTCA KpHBan aa. Ecau Tenepb Ha 9TOH Ke 
MpOeCKWHH 43 TOUKH S3 WpopecTu aAyry KaCaTeJIbHO K KPpHBOH aa, TO payquyc 
sTOH Ayr OyeT HCKOMBIM PacCTOAHHeM B CBETY Gog. [Lia OCTAIbHBIX.TOUeK Sj, 
So S, pacTOAHHe B CBETY Qo}, Qoo H Qog, ONPeReAeTCA aHaOrH4HO. Ans 
TOUKH S, paccTOAHHe B CBeTY 
onpefemseTcA KaK panuyc Ayru 
C Il@HTPOM B TOUKe Sz, KaCcaTeJIb- 
HOH K KpHBOH ceyeHHsA J BbINyK- 
JOH MOBEPpXHOCTH MOMAaCcTH, Tak 
KaK B 3TOM MeCTe€ IOBEPXHOCTb 
AOWACTH NMpaKTH4eCKH WHJKHAPH- 


> 
+ 
re 


C 
9) “ a ROE ees Se Se > ex aR 
yecKan H HMeeT MOUTH BepTHKaJIb- a ee eens see Td 
Diccrnisecys Lis sieeee 5 Sh 


Hble OGpasyroline. 

Ha puc. VII.5 nokasaHa cxema 

(OpMOBKH padoyero KoOVieca pa- | 
J\HaJIbHO-OceBOro THA. @MopmoBKa Puc. VII.5. Popmoska paGouero koneca AIA 
OObIUHO MPOH3BOAHTCA B cnerln- _ OTAKBKY 
aJIbHOM KeccoHe /. CBepxy pac- 
MOO2%KeHa CbheMHaA oONOKa 2. WMOpMOBKY KoOJIeca MpOW3BOAAT C TMOMOLLEbIO 
cTepxKHeBOrO ALLHKa JIA MexKMOMAacTHOrTO mpocTpauctBa. JlonacTu 3 nony- 
YalOTCA C MOMOLIbIO cTepxKHeH 4 H 5, MeXKAYy KOTOPBIMA pH dopmMoBKe 
OCTaBJAIOT COOTBeETCTBYIOIUILee cBo6onHOe IIPOCTPaHCTBO, 3aMOJIHAeMOe MeTAJI- 
Jom. Jd yIpowHeHHA cTepxKHeH B HHX MpelyCMaTPHBaIOT COOTBETCTBYIONLHe 
KapKacbl, JIA OTBOAa Ta30B B CTepKHAX ACMAaWT CiellWasbHble KaHaJIbl. 

Jisit KaueCTBeEHHOH OTJIMBKH CTYMHUbI WH OGOMa, re HMeeTCA OOWbLIOe CKOI- 
JI@HHe MeTaJla, IIpelyCMaTPHBaIOTCA COOTBETCTBYIOULHe JMTHHKH 6 HU MpH- 
Opin 7. B mMecTax pe3KHX nepexoqoB ceyeHH JomacTeH K cTynuile Hu OOoOy 
pelyCMaTpHBaIoTCcCA ycayouHble péOpa 8 AIA NpesoxpaneHua OT OO6pasoBaHHA 
TpellHH. 

IIpu OoubuIHxX pa3sMepax BbINOHeHHe LeJIbHbIX paOo“HX KOIeEC CTAHOBUTCA 
H€BOSMOMKHbIM, TaK KaK OHH He yKJ1aAbIBaloTca B raOapHTh!l NOABHXKHOFO *Kewe3- 
HOOpoxKHoro cocraBa. [IpHxoqutca pacwleHATb KoJIeca Ha COCTaBHble WacrTH. 

M3 mpakTHKH OTeyeCTBeHHOTO rHApoTypOocTpoeHHA B KayecTBe IIpHMepa 
MOKHO YKa3aTb KONeCO WIA TYPOHHI JjHermporsc, nocraBmeHHoe JIM3. Ero 
HOMHHAJIbHbIM AHamMeTp paBeH D, = 5,45 m, a HavOobIIHe pasMepbl PaBHbl 
6380 <x 3600 um, Bec Koneca 92 m [46]. 

OcyllecTBHTb TpaHCNOpTHpOBKy KOJIeca TakOro 6ombuIOrO pa3smMepa yAa- 
AOCb C TOMOIULbIO ABYX CHEWHAIbHBIX TAIKENOBCCHHIX KeCSHOAOPOXKHHIX TPaHc- 
nopTepoB rpysonoybemHoctTbio 60 T Kaxkblii, Ha KOTOPbIe yCTaHaBJMBatach 
chelHaibHan depmMa. PaOouee Koseco pa3Mellaiocb B Hef Takum OOpa3om, 
‘YTO. JO TOMOBKH pesbc oT O6o02a KOJIeca OcTaBanoch 250 mm. Konibl dpepMbl 
ONHpaJHCbh Ha CNelWasbHble csepuyeckHe ONOPhI, KOTOPbIe NOSBOJIAIIM rpy3y 
IIPHHATb IpaBHJIbHOe MOOMKeHHE IPH Pa3HUHbIX MONMePeCYHbIX YKJOHAX MYTH 
H B TO Ke BPeMA TepeaBasu TaroBoe ycune 80 7. Dru xe onophi 6pimu Heob- © 
XOJHMbI WH JIA NMepemMelleHHA TpaHcnopTepa MO KPHBOMHHeEHHOMY >KeJ1e3HO- 
JOpOXKHOMY TyTH. | 
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Ha pue. VII.6 noka3aHa KOHCTpyKUHA pa3sbeMHOrTO paboyero kosleca, CO- 
€JHHCHHOFO B eCAHHYIO KOHCTPYKUMIO OaHyaxKamMuH. CocTaBHble wacTH Koeca 
ObIJIH BbITIOJIHCHHI pH MOMOULH OTMHBKH HW CBAPKH KaxkOM NOOBHHEI. Koseco 
COCTOHT 43 BepxHero O6ona /, JonacTeH 4 H HH2KHEero OG6oNa 6. O6oX HMeeT 
(laHibl, C TOMOUWLbIO KOTOPEIX ero MOJOBHHbI GoITaMu 2 COeENHHAIOTCA M@KLY 
co6oH. Bovitbl B AAaHHOH KOHCTPYKUHH CILYKaT TOKO WIA MOHTAKHBIX Ween. 

CoeqHHeHHe HOJIOBHH B CMHYIO KOHCTPYyKIHIO JOCTHTaeTCA C MOMOILILbIO 
BepxXHero OaHjaxKa.3, ceyeHHe KOTOpOrO BEIOpaHO C y4eTOM BOCNPHATHA CHJIO- 


BbIX Harpy30K OT YacTeH BepxHero o6osa. : 
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~ Puc. VII.6. PasbemHoe pa6ouee Koueco, 
coeyHHAemMOe c TOMOMbIO Ganqaxen — 


Jlonactu pa6ouero KONeCca OTJIHBAIOTCA OTIeEJIbHO H 3aTeM NPHCOeAHHATCH 

K BepXHeMy H HH2KHEMy OGObAMC MOMOMLbIO SIEKTpOCBapkKH. Ha HwKHAH O60] 6 

T1pH MOHTaxke HacaxkuBaior Oanyax 5. TlonoBHHEI KOsleca H3rOTOBJIAIOT Ha 3a- 

BOJe H 3aTeM COeHHAIOT MeXKLy CoO C MOMOMMbIO eIbHOKOBaHBIX OaHyaxKen, 

HaJeBaeMbIX IPH MOHTaxKe B TOpAueM COCTOAHHH, TO ObecrIeyHBaeT HayexKHOe 
Hallpx>KeHHOe COCTHHEHHE NOJIOBHH KOveCca. a | Bo 

H WHpOKO . IpHMeHAeTCA 


= Koxuctpyxuus pa3bemMHoro kovleca c OaHaxkam ) 
B IpakTuke MHpoBoro ruypoTyp6ocrpoeHua. HezocTaTKOM ee ABAKeTCH OO/b- 


oH Bec. Hanpunmep, Jin Typ6uH JHenporsc cocTaBHoe Kovleco c OaHyaxKaMi, 
MOocTaBseHHoe dupmMon «HpronopTt—Hbwe», Becnio Ha 12 m Oonbile, 4eM HeJIb- 


HOJMToe Koueco JIM3. | 
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_ ' CocraBHoe kowteco. c Santexann Tpe6yer 6ObHIerO WHK1a H3rOTOBJIeHHA 
H MOHTaxKa. TpaHcnopTupoBka UeuIbHbIX OaHaxKel, HMeIOlLHX OobIIMe TraGa- 
PHTHI, Tak.xKe BbISbIBaeT -‘TpyaHOcTH. IIpumMeHenue GaHyaxei Tpe6yer: TOUHOH 
o6pa6orkH MeCT HX CONpPAXKeHHA C Kosecom. Cam mpotlecc HajeBaHun Oanlaxka 
Ha o607 Kouleca TIpH. MOHTaxe. NpeAcTaBiaAeT CAHOMRKHYIO. TEXHOMOrHYeCKy), one- 
pauwio. OObmaHo OaHwaxK HafeBaloT B HarpeTOM COCTOAHHH, MOSTOMy IIpH- 
XOAHTCH apelycMaTpuBaTb coorpeTcrByrouHe HarpeBaTeJIbHbie yCTpOWCcTBa.- 
A-A 
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Puc. VII.7. Koneco TyPOnE Bparexol rac (N = = 230 000. xem, z= 14; 
D,= 5500, H=96 m) 


Ecm 2ke 10 YCJIOBHAM TpaHcnopTHpoBKH 6aHqaxK IpHXOMHTCA BEINOIHATD 
paSbeMHbI Ha WBe “acTH (Cc MocMeLyouleH CBapKOH ero Ha MOHTaxKe), TO CTa- 
HOBHTCH Ooee lenmecoo6pa3sHOH KOHCTpyKWHA Oe3 OaHwawKa, HO CO CBapKoH 
Ha MOHTaxKe HH2KHero O6o0fa paGouero: KoNeca. Ceuenue HH2KHerO O602a nO 
CBOHM Pa3MepaM MAaJIO OTHUAeTCA OT Ce“eHHA OanyamKa, NOSTOMY TEXHOJOrH- 
yeCKHe MpoOJIeMbl, KOTOPble NpHXOAHTCA MpeosOMeBaTh npH cBapke Cannaxa, 
OCTaIOTCA TCEMH 2Ke H pH cCBapKe oOo/a. 

_ KoxcTpykilua WH pasMepbl BepxHero o60fa OOBIYHO MOSBOJAIOT ocyulecTBHTb 
Ha HeM MeXaHHyecKoe KpelleHHe MOJIOBHH KOJIeCa C NOMOUIbIO PaHueB H 
6o1TOB. TakylO KOHCTPyKUMIO pasbeMHOrO KOJIeca CO CBapKOH NO HHXKHeEMYy 
o6oly H KpenseHHem 6oTaMH BBepXy NpHMeHHA JIM3 AAA MOHLHbIX rHApo- 
Typ6uH BpatcKon TOC. © 
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Ha puc. VII.7 noka3aHa KOHCTpyKIIHA Kosleca TypOuHEI Jaa BpatcKxor PSC, 
a Ha pue. VII.8 — cOopka ero B llexe nepey cBapkoH. Koseco HmMeeT AHamMeTp 
D,=5,5 m, upH vanope H = 96 m ono pa3sBuBaeT MomHOcTb N = 
= 230 000 xem. Ta6aputTet Koneca 6100 XK 2723 mm. CBapHomuToe koseco 
{(puc. VII.7) cocrouT 43 ABYX NOJOBHH BepxHero o6ofa / C IPHAHTbIMH K HeMy 





Puc. VII.8. COopka Koneca typ6uH BpatckoH TOC B wexe 


yaCTAMH JOnacTeH C MeHbKaMH 2, NOJIOBHH HH «KHErO OOoa 4 Hu 14 AONacTeH 3. 
Bce uactu Koseca H3POTOBeHbI H3 MasouerHpoBaHHon cTtaiH 2Z0PCJI. CapapKa 
Jlonactel C BepXHHM O60J0M — aBTOMAaTHYeCKas XIEKTPOWIAKOBaA, a C HHXK- 
HHM OOOJOM — MovlyaBTOMaTHyecKad B cpese yruieKHCOoro rasa WIH py4Hnas. 


A 06870 CoeHHeHHe TIOJIOBHH Tp MOHTaxe KO- 
jleca 110 BepxHemMy OOOLy NpOu3BOANTCA C No- 
1 ILL A ! MOINLbIO IIpPHMNaCOBaHHbIX OOJITOB 9, a 10 HHXK- 





Hemy oOony — cBapKoH. JIA yslyamennsa 
KaBHTallHOHHbIX CBOHCTB KOvIeca Ha JIOMacTH 
TIPOM3BOAHJacb HalllaBKa Hep KaBerollen 
CTaH WHPOKHMH 3JIeEKTpOWaMH, a TakxKe 
OO6JIMNLOBKa JIOMacTeH JIMCTaMH Hep KaBelolen 
cTaH. Onbit 3KCiyaTauwuw TaKHX Kovlec 
CBHJETEJIbCTBYET O TOM, ITO HakOomee Ha- 
@2KHaA KOHCTPyKIUHA KOJIeca B OTHOWIeHHH 
CTOHKOCTH MPOTHB KaBMTAI[HOHHbIX paspy- 
Puc. VII.9. Cxema KonctpykuuM pa- - WICHHA Momyuaerca Np MoMacTAx, H3rorTo- 
Gouero Koneca TypOuHbt KpacHosp- pByeHHEIX NOJHOCTbIO H3 Hep2KaBerolleli 
ckou TOC 
7 cTasin. . 

Ha pue. VII.9 nokasaHa cxema KOHCTpyKUHH Koseca Typ6uHbI Kpacnosp- 
cxoh TSC. Koneco quametpom D, = 7,5 m npu Hanope H = 95 m pa3sBuBaer 
mMowHocTh N = 508 000 xem. Ta6aputpi Komeca 8650 x 4000 uu. Koneco — 
IeIbHOe, OHO COCTOHT 43 BepxHero OGosa J, 14 nonacTeH 2 H HMKHeErO OOOLAa 3. 
JIonactu Becom 7, 8 m. Kaxkaaa OTAHBaeTCA B KOKHJIb H COCXHHACTCA SJIEKTPO- 
WwIaKOBOH cBapKoH (A—A) HemocpeACTBeHHO C BepXHHM OOOJOM, OTJUTbIM 
6e3 neHbKOB. Kaas sonactTb H3 cTamH 201CJI umeer HanmaBKy H3 HepKaBelo- 
men cramu. Huxunui o604 43 yruiepoxHcTorO MmpoKaTa coeMHAeTCA C AoOMa- 
CTAMH mouyaBToMaTHyeckoH cBapKoH (B—B) B cpexe yrueKucaoro ra3a.. 
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72750 


4000 


—6OG650 


Koneco KpacHoapcxoh [TSC nonHoctThilo H3roTaBAHBaeTCA HW CBapHBaeTcA 
Ha 3aBOJeé WH WebHBIM OTMpaBAAeTCH Ha MOHTAK BOJHBIM IYTeM. 
Kowleco B H3rOTOBJICHHOM BHJe BeCHT 232 m. Ouo o6AaqaeT BLICOKOM po- 


nyCKHOH. cnoco6Hoctb (nopasaKka Q; = 1000+1100 «/cex), ero KaBUTalMoH- 
HbIM Koop puunent o = 0,12+0,13; JIM3 rapanrupopan kK. n. A. n = 94%. 
IIpu cBapke momacre c o6oaMH oOpalljaiocb BHHMaHHe Ha cOG60,eHHe 
pa3sMepoB paguycos 3akpyrsenun (R = 100+150 mm) B ranTenax. - 
Ha puc. VII.10 moka3saH HauaJIbHbIM MOMeHT H3rOTOBJIeHHA KONeCa — 
yCTaHOBKH JlonacTH Ha BepxHuii O64, Ha puc. VII. 11 BUAHO OnycKaHHe Koseca 








Puc. VII.10. YcraHoska monmacrH Ha o604 Koneca Typ6HHEI Kpacuospckxon TSC 


nocie MIpHBapKH wOMacTeH K BepxHeMy OOOy B edb AIA TepMooOpaoorTKH. 
Ha puc. VII.12 MoxHo BugxeTb KOmeca TypOnHE! KpacnoapcKxon TOC, norpy- 
KeHHbIe Ha TPaHCNMoOpTep AIA NepeBo3KH HX C 3aBOAa Ha NpHCTaHb. 

B nocaeqHee BpeMA JIA PaNWasIbHO-OCeBHIX TYPOHH HauaJIM MpHMeHATH 
lTaMMOBaHHble JonacTH. Iliockaad 3aroTOBKa JIOMaCTH IpeABapHuTeJbHO dpe- 
3epyeTCA B COOTBETCTBHH C podHsieM, a 3aTeM B UWiTamne lpHoOperaer Heo6b- 
XOAMMYIO (bopMy. 

[Ip u3rOTOBeHHH KOJIeC palWasIbHO-OCeBOTO THMa MOXKHO JONYycKaTh Cye- 
Ayioulve OTKJIOHEHHA pa3MepOB HX MpOTOUHOH WacTH, He BJIMAIOWHe Cyiile- 
CTBEHHO Ha KOH®DHTypalluto H K. ON. J: 


qonycku Ha pasmeppi R,, R2, Rs, Ry u B (co. puc. VII.7). 


4 Dy 
=+-9-\2 + G009 ) 





olyckaeMble OTKJOHeCHHA MO Wary JonacTreH B BbIXO,HOM KaHaJle B 3a- 
BHCHMOCTH OT BemHUHHE! Y Db, npHHuMaloT crelyroulne: 





VDibp BM 2. ee 1,0 2 
Aa BMM 2... eee ee eee ee es 4,0 °° + 7,0 
cpeqHve 3HaueHHA) —2,0 — 3 
Aa, BMM . 2... we ee ee ee ee ew ee $70 OF I 
JAA OTACJIbHbIX TOueK) : —6,0 —1l]1 


22 H.H. K oBasieB 
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Puc. VILL. Onyckanne Kovleca TYpOHHEI KpacnospeKoii roc B Newb ais 
a | Tep MOOOp aGoTKH | 
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Puce. VII.12. Koneco ryp6unsr Kpacnospckon TOC na. tpancnoptepe 








Pa3mep BbIXOJHOTO KaHasia a OObIMHO H3MepseTcA B 4—6 TouKax (Sq, S,). 
. lonyckaempie Sa apucmetuaeckue OTKJIOHCHHA NO TOMMHHe JOMacTH 
carenyioutne: 


JIma Beex womactehH ........ oe ew ew ew eh eh)6E 8,002 
‘> OTN@JIBHBIX JOMacTeH . 2. 1 1 et tt ht te + 0,003 


KpenenuHe nojoBHHOK HW2KHero oOG6Ofa KOseca MexKy coGol BO3MOXKHO H 
C MOMOIILbIO’ 6oONTOB, WHAHHApPH4ecKHX WMOHOK HW 3aMKOBbIX COeqMHeEHHH. Takue 
KOHCTp yKUMH paspaGaTBasuce paSHbIMH 3aBO2aMH. XOTA OHH He NOMI 
IWHpOKOTO MpHMeHeEHHA, HHKe NPHBOAHTCA UX OMHCAaHHe. 

Ha puce. VII.13 noKa3aHH BOSMOXKHbIe BaApHaHTbl MexaHH¥YecKoro Kpenuie- 
HHA pas beMHbIXx uacrelt HHKHero OOOsa Koueca. 
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Puc. VII.13. Mexannueckoe KpenaeHHe HMKHerO O6oORa paGouero KONeca: a — OouToBOe coenH - 
HeHHe; 6 — coeqHHeHHe C LHIHHIPHyeCcKHMH WNOHKaMH; 6 — coeqHHeHHe c T-06p a3HEIM 3€MKOM; 
@ — cOeqHHeHHe C KOJIbIICBLIM 3a4MKOM 


B nepsom BapHante (puc. VII.13, a) moka3aHo coequHeHHe O60a KOuIeca 
C MOMOLMbIO GosTOB. Taka KOHCTPpyKUHA Oblia BepBble paspa6oTaHa XTIS, 
OTHOCHTeJbHO HeOO/bIoe CeueHHe O602a NOSBOMAeT pacnoaraTb B HEM OOUJTHI 
HeOobioro AMametpa. IIpu 3TOM HallpsxKeHHA B OouITax Cc yueTOM IleHTpobex- 
HbIX CHI MpH MOBBILICHHEIX OOopoTax (n, = 1,65 n,) H Cc yyeTOM HaTara JoO- 
CTATOUHO BeEJIHKH, NOSTOMY OHH AOJOKHbI H3FOTOBJIATBCA H3 BhICOKOJerHpOBaH- 
HOH cTanH (Hampumep, 34XH3M c o, = 85+90 kKI/mm?). Huxunit o607 
pa6ouero KOJIeca TOKE JOJKEH H3FOTOBAATBCA 3 BhICOKOKaYeCTBEHHOH JeTHupo- 
BaHHOH cTamH (c 0, = 50 KI /mm?; o, = 70 KI/mm’). 

Cama KOHCTPyKUHA GONTOBOTO coequHeHust IpeqonpekesAeT\ JOBOIbHO 3Ha- 
"WHTeIbHOe OCaOmeHHe ceyeHHA O6oO2a. OTBepcTHA nox SOOTHE Nepepesaior 
Teo O6o7a: Kpome Toro, 3-348 HaHYHA OTBEpCTHH MOA FToNOBKOH OOJITOB 
H B MeCTaX MepexOa MOryT BOSHHKaTb 3Ha4HTeJIbHbIe MECTHbI€ HallpAKeHHA. 

Bo3MOXHbIe AeopMaluH o6oa Np TpaHCHOpTHpOBKe MOryT yCAOMKHATb 
mpouecc c6opKu wacreH o602a B euHylo KoHnCTpyKuulo. [IpeumymectBom 60.1- 
TOBOFO COCAHHEHHA ABJIAETCA ETO Npoctota H OTCYTCTBHE CBapKH Ha MOHTaxKe. 


Ha IInaspuucKxoh [SC ycnemino skcnyaTupyloTca Kovleca TakKOH KOHCTpyKUUH, 
cosfaHHne X TTS. 
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MexaHnueckHe COeCAHHEHHA C MOMOUIbIO IUNTHPTOB WH 3aMKOBbIe WOKa3aHbl 
Ha puc. VII.13. Bapwanrsi 6, e u 2 oOualawor WpeuMyllecTBOM — OTCyTCTBHeM 
‘CBapKH Ha MOHTAKe HW BO3MOMKHBIX TEIJIOBBIX HanpAKeHHH, a TakK2Ke Npocto- 
‘TOH KOHCTPYKIWHH. 

B 3aMKOBBIX CO@AHHEHHAX 3aMOK B B BUI T-o6pa3Ho HIM KOMbIeBOH TeTanH 
BCTABJIHETCA B COOTBETCTBYIOLMLY!IO BLIEMKY B OOOLe, WA 3TOTO B O6OTe y CTHIKa 
BbIppeSHPOBbIBAeTCA HH BbITAYHMBaeTCA COOTBETCTBYylOMee THE3AO, B KOTOPOe 
3aTeM yCTaHaBJHBaeTcA 3aMOK. Jin cO3aHHA HaTAra COe@HHeHHA, 4TOOBI 
He 6bIIO ETO paCKPbITHA NON AeHcTBHeM CH, BOSHHKAalOlNX pu padoTe Kouseca, 
3AMOK HeOOXOJHMO HajeBaTb B HarpeTOM COCTOAHHH. 

TexHOJOrMyeCKHH aHaJIH3 pa3HbIX KOHCTPyKUMH 3aMKOBBIX COeHHeCHHH 
HMKHero O6O7a NOKa3asl, YTO PacxOy MeTAaJa H TpyHO3saTpaTH B pa3sJIM4HbIX 
BapHaHTaX KOHCTPyKWHH WpakTHYeCKH OJHHAaKOBbI. OMHAKOBHI H HeEAOCTAaTKH 
‘9THX KOHCTPyKIMH MO CpaBHeHHlO C OaHaxKHbIM CoeqMHeHHeM. Banya OxBa- 
‘ThIBaeT BCCb OOO MO HapyxXHOMY JHaMeTPY H, CTATHBAA MIOTHO MMOCKOCTH 
‘CTBIKOB, OOecneyHBaeT IIpaBUJIbHyIO cdbopmy kovleca. SamMkoBoe coeqHHeHHe 
‘CO3aeT TOJIbKO MeCCTHEIM IpHaxkHM. Ecau o60% oKaxkeTca LebopMHpoBaHHbIM 
OT eCTECTBEHHOFO CTapeHHA IPH AVJIHTeMbHOH TPpaHCNOpTHpoBKke HM XpaHeHHH 
KOJIeca, UTO HMe€eT MECTO B TIpaKTHKe, TO NOCTABHTb 3aMOK Ha MeCTO ObIBaeT 
OUeHb TpyAHO. Ec Koueco NpeABapHTebHO C MOMOLIbIO pachOpok BbINpaBUTb 
H BCe K€ MOCTABUTb 3€MOK, TO MOTOM B HEM MOLryT BOSHHKHYTb JONOJHHTEIb- 
Hble HallpAKeHHA. 

HenoctaTKOM 3aMKOBbIX -coequnennit ABIACTCA OTCYTCTBHE MpeBapHuTedib- 
HOTO HaTAra B CTHIKaX OOOa, YTO CHHKAeT MKECTKOCTH KOHCTPYKWHH H MOKET 
TIPHBECTH K OCAaGsleHHIO coeqHHeHHA. [lostomMy npHMeHeHHe STHX COeAMHEHHH 
MOXKeT ObITb PCKOMCHJOBAHO JHIUb NOcue TWaTeIbHOrO HCCeqOBaHHA UX HU 
OTpa6oTKH TeCXHOJOrHH H3FOTOBJIeEHHA Koveca. 

lia Bri6opa HanOonee pallHOHasIbHOH KOHCTPYKUHH pasbeMHOro Koweca 
paylHaJIbHO-OceBOH MOMHOH FHAPOTypOHHEI cleqyeT MPOHSBOAHTb TeXHHKO- 
SKOHOMHYCCKHH aHaJlH3 BApHaHTOB KOHCTPyKUHH JIA KOHKPeTHbIX Map aMeTPOB 
yCTaHOBKH. CyelyeT TakxKe YUHTHIBATb H aHAJIH3HPOBaTb Cmo0coO WH BO3MOxX- 
HOCTb H3FOTOBJICHHA 3afroTOBKH. Hanpumep, Np pa3beMHOM koviece, COCTOA- 
T@M H3 HECKOAbDKHX “WacTeH, KaxKaA WacTb KONeCa MOET ObITh H3rOTOBJIeHa 
B BHJe OJHOH OTJIMBKH H B BHJe OTJIMBOK OTJCJIbHbIX 9JIEMEHTOB C MOCIETyIoluyen 
‘CBapKOH HX B CAHHbIN CEKTOP HJIH MOJOBHHY Kovieca. 

B caydae OTJIMBKH 4YacTH KOJeca OHA OyAeT NPOHSBOAMTLCA Ha CTaJleuTeH- 
HOM 3aBOJe, re HMCIOTCA COOTBETCTBYIOMHe JINTEHHbIe H MOMbEMHbIe CpeCcTBa 
M MOWaKW C GOJIbUIMMH KeCCOHaMH Jia dopMoBKH. Ha Aowro THApOTypOuH- 
HOFO 3aBOla NPHXOAMTCA TOKO paboTa Mo MexaHHyeckoH OOpaooTKe OTHTHIX 
B3aroTOBOK H HX cOopKa. HeoOxoHMo uMeTb B BHAY, 4TO NOCIe OTMHBKH TaKHX 
cbacoHHbIX feTaseH moTpe6yercA MHOTO py4HOTO Tpya WIA UCHpaBJeHHA 
BOSMOXKHBIX eeKTOB. 

BrmnomHeHve wacTH kKoweca B CBapHOJIHTOM HCnouHeHHH, IIpH KOTOPOM 
WacTH O6OMbEB H JOMaCTH OTMHBAIOTCA H 3aT€M CBapMBaloTCA Mery co6on, 
MOXKeT OLITb OCYINeCTBACHO B MeHee MOILHbIX CTaJIeIMTeHHbIX Wexax. Baaro- 
apa TOMY, 4YTO KONecoO (POpMUpPyeTcA H3 CpaBHHTeJbHO HeOOJbINAX JIHTbIX 3a- 
TOTOBOK, OTIHajaeT HafOOHOCTb B KPYIHBIX KeCCOHaAX H COKpallaeTca WHKI 
H3rOTOBJICHHA KOVIeCca. 

IIpu MpousBOACTBe OTICbHO OTJIMBAeMbIX JIOMacTeH BOSMOXKHO MpHMeHeHHe 
JIMTbA B KOKHJIb, ITO CHHKaeT TPyJOCMKOCTb H MOBbIMIaeT TOUHOCTbh H3TOTOB- 
JIGHHA somacTeH. pu 9TOM YMeHbIlaeTcA Tak»xe OObEM PYYHbIX paOoT 10 
TIPHrouHKe JonacTeH Ho npodusmo. K HexocTaTKaM TaKOH KOHCTPYKI[HH MOXKHO 
OTHeECTH HamHuve G6ombui0oro OObeMa CBapO4HbIx pa6or, KOTOPBHIe JOJLKHBI 
B OCHOBHOM BHIHOJIHATbCH BDPY4HYIO H3-3a KPUBOJIMHeEHHOCTH NOBepXHOCTH 
JIOMATOK. 
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CoeAHHeHHe NOJIOBHH KOJIeca Ha MOHTaxKe MOXKET MPOH3BOAHTbCA MO Bepx- 
Hemy oOo,y OouITaMH, KOTOPble JOBOJIbHO CBOGOAHO pacmowaraloTca. Hal, Bepx- 
HHuM OO6of0M. B HH xKHeM OG6o0ze GONTHI OKa3SbIBAIOTCH OUCHb HAPAKCHHbIMH 
3HAYNTeIbHO NepepesaloT ceyenHe o60fa, nosTomy Gowlee HayeKHOK CTAHOBHTCH: 
KOHCTPyYKIHA C 6aHdaKaMH, OJeBaeMbIMH Ha OOO, HAM we CO CBapKoH OG6oNa 
Ha MOHTaxe. a, 

Tak Kak Npu cBapke HHxKHEeTO OOOMa CyIeCTByeT OMACHOCTbh NOABIEHHS 
TEPMHYECKHX HallpAKeHHH, BOSHHKaeT HEOOXOAHMOCTh TepMOOOpaboTKH KO- 
seca. OfHAKO ONLIT 9KCNyaTalHu TypOuH NOKasbIBaeT, ITO IPH CBapKe OTHO- 
CHT@JIbHO TOHKHX OOOJ0B CYyIeCTBeHHbIe TepMH¥eCKHe HanpsKeHHA MOryT 
He BO3SHHKAaTb. i ! 

IIpu coequHeHHu HH>KHerO O60fa WeAbHEIM GaHyaxKoM nocmeqHu Moxer 
OKa3aTbCA HeTpaHCHOpTabebHbIM, YTO NOTpeOyeT BINOAHHTb efO CBapHbIM. 
Kpome Toro, JWI HakeBaHHa OaH- ' 
waka Ha o602 noTpe6yrTca cpel- _—t.. 
cTBa isi Harpepanna Ganlaka. PRC yaa 
BeseqcTBHe MepeuvceHHoro ese- SS Bat 
coo6pa3Ho IPOWSBOHTb TCXHHKO- ‘ 
SKOHOMHUCCKHH aHaJiIH3 pa3HbIX Ba- ,_. aan 
PHaHTOB KOHCTPyKIIHH, KaK yKa3aHO LLM YN ere ree 
Bra. III. 7 | 

JL BbICOKOHAaMOpHBbIX THApoTyp- 
6uH (C OTHOCHTeIbHO HH3KOH BbICO- 
TOH JIONaTOK HW OobUIeH HX AJIMHON) 
MpOcTpaHCTBO Me@xKy JomaTKaMH 5 
OOOJbAMH KOJIeca TOMyuaercaA cpaB- 

HHTe€JIbHO OOJIbDILIMM, H30rHYTBIM, Puc. VII.14. CpapHoe ‘PaGouee Koueco BEICO- 
HeJOCTYNHBIM JWId paOoTH B HEM. KOHaNOp HOH TYPOHME . 
Koseca Ha Take TapaMeTpbl paHb- , 

Ile H3FOTOBJIAJIHCb WeJIbHOMHTbIMH. B nocjeqHee BpeMA UX BLITIOJHAIOT - cBap~ 
HbIMH, HO Ip 3TOM TLIaTeJIbHO aHaJH3HPyIOT BO3MOXKHOCTb HM MOCeOBa- 
TCEbHOCTh CBapKH 3JI@MeHTOB KOJIeCa B COOTBETCTBHH Cc ero pa3MepaMH.. 

Ha pue. VII.14 noka3aHa KOHCTPYKIUHA CBapHoro paboyero KOIeCa BbICOKO- 
HanopHoH rug~poTryp6unbI MomHocTbio N = 33 500 xem, padotaiomjeh mpH 
Hanope H = 250 m, rugpoctanuuu Jlok—Cnoy. Komteco BbINOJIHEHO TaK,. 
YTOOLI OO bNIAA WaCTb CBAPHHIX WIBOB ObiJla BhIHeECeHa Hapyxy. 

BepxuHuit o607 Koneca / BEINOJHEH H3 AHTOH yruepoMucTOM CTaJv HC TO- 
MOULbIO BHYTPe€HHeH WHAMHAPHYeCKOH eTasIH MpHBapeH K NpOTOYHOHM YacTH 
Kosieca. JlonacTH 4 BbINOAHeEHbI H3 ABYXCAOHHOH CTaH: yrviIepOANCTOH, Twa- 
KHPpOBaHHOH Hep2KaBeloulenh cTambio. Mexkay 0nacTAMH BCTABJAAIOT cer-- 
MeHTHI 3, 5 H 7, KOTOPble 3aTeM CBapHBaIOTCA C AOMATKAMH HM OOPasyIOT UACTb. 
o6oza. Ilocme sroro K JOMaCTAM NpHBapHBaloT cermMeHTHLI 2 Hu 6, OOpasyloulNe 
HHKHIOIO H BEPXHIOIO NOBEPXHOCTH MPOTOUHOTO TpakTa KoOJIeca. DTa KOHCTPyK- 
WHA JIOBOJIbHO CAOKHA. 

Ha puc. VII.15 npegctapnena Koncrpykuua XTI3 cBapHoauToro kKoseca: 
Iuametpom D, = 4,5 m Typ6nHBI MomHocTBIO N = 256 000 xem npu Hanope 
H = 170 om, B KoTOpOu CBapHble NIBbI TaK2Ke BLIHeECeHbI HapyXy. Koncrpykuus: 
JocTaTOuHO IpocTa, KONeCcO H3 Hep KaBelolleh cTamu uMeeT 17 aomacTeH 3, 
KOTOpble Mepel CBapKOH NPOXOAAT OKOHUATEIbHYIO MeXaHHuecKyto OOpaoorky.. 
B o6one 5 uw crynuue / umeroTca NpodunupoBaHHpe na3bl 2 Wu 4. Ilpu TaKom' 
Hapy2KHOM pacnOJIOKeHHN WBOB 6 H 7 yqoOeH AOCTYM K HUM TIpH cBapke. 
Tlocne cBapKH MpOH3SBOANTCA TepMuYeCcKan OOpadoTKa KONeCa H ero MexXaHH- 
weckad OOpa6oTKa H OamaHcupoBKa. 

B KOHCTpyKUMAX paOouHX KOJeC pafHabHO-OceBoro THNa HeOOXOJHMO 
IpelyCMaTPHBaTb MECTO JVI KpelMeHHA OasaHCHpoBoUuHoro rpy3a. Y¥ paBHOBe- 
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1WHBaHHe padovero KoOeca NPOH3BOAMTCA MOCie OKOHYATeCIbHOH MeXaHHyecKOH 
o6pa6oTKH. PaGoyee Koseco Typ6OMHHI HMeeT CIOMKHYIO PopmMy Hu OoubmHe 
Ppa3MepbI, MOSTOMY, CTPOTO TOBOpA, CeROBaO Obl MPOHSBOAHTH ero AHHAaMH4e- 
CKylO OaJlaHCHpOBKy, OAHakO OobuMe ra6apHTH HW BeC IpaKTH4eCKH He M03- 
BOJIAIOT OCYINECTBUTb ee B WexOBbIxX ycuoBHAX. [lostomy B ruazpoTypO6uHo- 
CTPpOeCHHH OFpaHHUHBaloTCA cTaTHyecKOH OanancuposBKoH. [IpakTuKa noKa3bl- 
BaeT, 4TO TWLaATebHO IIpOBeeHHad CTaTH4YeCKaN OaslaHCHPOBKa OKa3biBaeTCA 
HOCTaTOUHOH JIA HOPpMaJIbHOH pa6oTH TypOHHEI. 

CraTuueckyio OalaHCHpOBKy KoJleca pafMasIbHO-OCeBbIX THApotyp6uH u 
etaneH pa6ouero kouseca HOBOpOTHOMONAacTHOK TYPOHHEI NPOHSBOAMTb Ha 
wiapoBoH onope. CxemMa Takow yctTa- 
HOBKH noKa3aHa Ha puc. VII.16. Crofka 
cTenya / noawep2xKuBaeT onopy 2 c miapo- 
BOH MOBepxHocTblo. K onope Kpenutca 
ypaBHoBellluBaemoe paOoyee Koseco 3, 
KOTOpOe yCTaHaBJIMBaeTCA Tak, uTOOLE 
ICHTp TAXKECTH KOeca Nea Ha 100— 
200 mm HuxKe UWeHTpa Wapa ONOpH. 


4 2 Henmp wapa 


Se 


Ae Saar ae 
pret ie _ 
y 
JA\aN 
Lemmy 


Puc. VII.15. Caapsoe Koneco Koucrpyk- Puc. VII.16. Cxema Ganancuposka pa6ouero 
uuu XTI3 (D, = 4500; N = 256 000, KONeca PaHabHO-OceBOoro THIa 
H = 170 M) 


ic 





Sro o6ecnewwBaeT ycTOHYHBOe paBHOBeCcHe CHCTeMbI. YpaBHOBelHBaHHe Mpo- 
H3BOJHTCA B ClleXyrollemM NopsyKe: paOouee KOeECO PaCICHTPOBbIBaeTCA OTHO- 
curembHo ocu creHta. Ha naocKocrTb o60a ycTaHaBIMBaioT Ba BaTepmaca 4 
nox yraom 90° yzpyr kK apyry. II[pH nomomu sTHX BaTepmacoB oOnpefeA1oT 
yrOJ. OTKMOHCHHA CHCTEMbI OT BEPTHKAJIbHOM OCH, 3aTCM MOCPeACTBOM yPaBHO- 
BelLIHBaloulell Macchi P CHCTeMY IIpHBOAAT B TOPH3OHTabHOe NOOmKenHe. BenH- 
WHHa HeOOXOAMMOrO ypaBHoBellMBarlonulero rpy3a P, oObl4HO pacnomaraemoro 
Ha Hapy.KHOH NOBepxHOcTH oO6ofa, ONpesemaeTcA U3 ypaBHeHHA 


_ G(zsina +p) 
P= ——p ; 


rye G— Bec ypaBHOBeLIMBalolleH CHcTeMB B KI; 
R — pauyc pacnonoxexHaA ypaBHOBeIIHBalolleHCA MaCCbI B CM; 
Z— paccTOAHHe OT WeHTpa TAXKeCTH CHCTeMbI NO WeHTpa Wapa B CM, 
a — yIOJl OTKJOHCHHA CHCTEMbI OT BeEPTHKAJIbHOH OCH; 
uw — kostHIHeHT TPeCHHA KaueHHA. | 
Y paBHoBellIMBalolM Fpy3 KpemHTCA MPH NOMOMIH WIeKTPOCcBapKA K OOO 
H 3aT€M 3aKpbiIBaeTCA O6IMILOBKOH. TO“HOCTh ypaBHOBelIHBaHHA OObI4YHO BBI- 
ep2KuBaeTCA TaKOH, wT0ObI MoMeHT 0,2 «K/'-m BbIBOAHJ.T CHCTeMy H3 paBHO- 
BeCcHA. 
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2. OCEBOE JABJIEHHE BOJIbI HA KOJIECO PAXHMAJIBHO-OCEBOFO THIIA 


IlorokK BOLI, Ipoxoaa wepe3s pabouee KOJIeECO H NPOHHKaA YaCTHAHO Yepes 
3a30pbI Ha BEPXHHM H HHKHHA OOOMbA, OyeT BbISLIBATb OCeBYIO Harpy3ky Ha 
Hero, 3aBHCAMLyIO OT Hallopa BOA, pasMepOB HM THIIa KOJIeCa, KOHCTpyKIHu 
Kouleca H YIMJIOTHHTeEJIbHBIX YCTPOHCTB. 

OnpefeteHve BeMUHHbI OCeBOTO JaBJeHHA HEOOXOAHMO Tas pacuera Bala 
H ynmopHoro nNoxwNATHHKa arperata. 

[IpH6awxKeHHOe 3HayeHHe OCesOro JaBJICHHA BOJbI Ha KOJIeCa pawaJIbHo- 
OceBOrO THMa HOPMaJIbHOH KOHCTPyKUHH MOMKHO ONPeeJUTb NO SMIIMpHue- 
CKOH PopMyae Z 


a) 6) 
Poo= k= DiHmax T, (VII-1) 


NM 
~ . 
rye k — costounesr 3aBHCA- =F i 
IHK OT THMa Kovleca. 


Ta6auna VII.1 
SHayenne Kos@pHnqHenta 


Tun | 
paG6owero . Ro & 
KOJIeca 





bg 





PO-40 | 280 | 0,34—0,41 
PO-75 | 235 | 0,28—0,34 
PO-110 | 200 | 0,22—0,28 
1 PO-170 | 190 | 0,20—0,26 
| PO-230 | 100 | 0,08—0,14 
| PO-300 | 90 {| 0,07—0,12 


~, 
= 


© 


Puc. VII.17. K pacaery oceporo jlaBieHHA Ha 
KoOIecO 


Aaa HOMCHKAaTYpHBIX KOsIec 3HaueHHA KoasdpunHeHTOB Rk NpHBeeHO 
B Ta6n. VII.1. Menbuive 3HaueHHA KosdpuuHeHTa k cnexyer OpaTb AA OOJb- 
tux pasmepoB TypOuH. IIpH nogcuete oceBoro AaBJIeHHA TO SMNHPHWeCKOHK 
cdopmyJie He yU4HTbIBaeTCA KOHCTPyKUMA KOueca H THI ero YyOTHeHHA. 
OnpejeneHHe ocesoro JaBJeHHA MO TOUHbIM (POPMy/1aM, YYHTbIBaIOLHM BCe 
akTOPh!, MPOH3SBOAUNTCA CeAyIOULHM O6pa3om: 

NOHOe OCeBOe YCHJIHe CKabiBaeTCA H3 BeJIHYHH 


Pi = Pr + Pat+Ps+ Pu, (VII.2) 


rye P, — Cha BOSZeHCTBHA MOTOKA Ha BHYTPCHHIOIO MOJOCTb KoOseca; 
P,— CHa JaBIeHHA BOLI Ha BepxHHi O60]; 
P, — cia 1aBeHHA BOJbI Ha HH KHHA 060K; 
P,— CHa BCIIbBaHHA KOsleca, cormacHo 3aKoHy ApxuMena. 

Onpejenenne cua P;. Jia onpenzenenua cub P,; Bo3sgzeicTBHA moTOKa 
Ha BHYTPeCHHIOW MOJOCTb KOJIeCa BOCNOJIb3YeCMCA YPaBHeHHeM KOJHGeCTBA JBH- 
*KeHHA (puc. VII.17). 

Ilo Teopeme KowH4eCTBa JBHKEHHA CEKYHIHOe H3MeHeHHe KOJIHYeCTBA JBH- 
xeHuA O6bemMa ABCDEF .xuykoctTu (1p yCTaHOBHBINIeMCA JBMKeHHH) B Ka- 
KOM-JIHOO HallpaBJICHHH paBHO TIpOeKIHH Ha STO HalpaBJeHHe BCeX CHA, WeH- 
CTBYIOWMHX Ha BBIAeeCHHbIN OObeEM 2XKHAKOCTH. 

Y paBHeHhe KOJHYECTBAa JBHKCHHA B MpOeKUHH Ha OCb Z OyeT HMETH BUA 


Yo, —SPey, = —Pi + Pa— Ps, (VII.3) 


343 


rye P,— ocepax Claraioulad BO3ZeHCTBHA paOouero KOseca Ha BbIe- 
JICHHBIH OObEM KUAKOCTH, NPOTHBOMONO#KHAaA NO 3HaKy HCKO- 
MOH CHUJIe; | 
P,— oceBax ClaraiwllaA CHIbl WaBIeHHA Ha OOKOBylO NOBepx- 
HOCTb Cc OOpa3ylomehH CD; 
P,— cHia JaBIeHHA Ha Wwouwladqb Kpyra panuycom EF; 
Q — pacxoy yepe3 TypOunHy; 
g — ycKopeHue CHVJIbI TAKECTH; 
Y — YAeCJIbHBIM BeC BOE; 
C1, H Co, — oceBble Cylaraioujve CKOpOCTH NoTOKa BObI Ha BxOse MU Ha 


BbIXoZe H3 padoyero kKovieca. 
BeavunHa CKOPOCTH Co, opefeaeTCA Kak CpeHAA M0 CeyeHHIO 


O=e, (VII.4) 





roe f/f, — nmulollaib Kpyra c paguycom EF. 

Hanpapnenue CKOpOcTH C\ H, CleqOBaTeIbHO, C1, 3aBHCHT OT KoH*urypa- 
IIHH MepHAHOHAaIbHOFO CeYeHHA KOVIeCa, T. e. OT ero KOXPPuUHeHTa GOpICTpO- 
XOJHOCTH. 

B THXOXOJHBIX paWaJIbHO-OCeBbIX Ty pOuHax NOTOK, BXOJAWHH B pabouee 
KOecO, MOUTH paynaseH. CrexoBaTebHO, oceBad COCcTaBJIAIoulan cy, OyyeT 
HeBeIHKa. B TypO6uHaXx BbICOKOH ObICTPOXOAHOCTH, Y KOTOPbIX BXOJHaA KpOMKa 
JlomlacreH KoOJleca HaXOMWTCA Ba OT HallpaBJIAIOIWHX JIOMAaTOK, OCeBaA CO- 
CTaB/AIOWad C1, OyeT HMETb 3HAYHTeJIbHYIO BEMYHHY, HO MeHDIIYIO, YeM Co,, 


Bpeyzem o603HaueHHA 


C2, — C1, = Cp, (VII.5) 
rie O& — OMbITHbIH KOSPPHIMEHT, MCHbINMH CMHHIbI, OpewenaeTcaA 2KcMepH- 
MeHTaJIbHO JIA KayKJoro THMa Kovleca (pH C1, = 0 a=1; npn 


,+ Qa< 1). 
Ypasnexne (VII.3) nepenumiem B BHze 


AY. ¢p, = —P1 + Pa —P 


oTKya 


Py = Pa — P, — ae (2.. (VII.6) 

IIpu ucnbiraHHax B JaO6opaTOpHH NYTeM B3BelIMBaHHA H3MepAeTCA MOMHOe 
oceBoe ycuuine P,,, JeHcTByrollee Ha KOWIeECO MOJebHOH TypOuHEI. Kpome 
TOrO, 3aMeHsIOT TakxKe H, uv H, — JaBlenuaA JO WM nocae pa6ouero Kovleca 
B m 600. cm. Jlanee BLIYnCIAIOT BeMMUMHbI P., Ps u Py. Ilo HatwenHHbim BeH- 
uHHaM H 3aMepeHHOH BesH4HHe P,, HAXOAAT KOS*PPHIUHEHT a. 

IlpuH6O1nxKeHHble 3HaYeHHA KOIPDHUNeHTA G@ B 3aBHCHMOCTH OT KoOopu- 
WHeHTa ObICTPOXOAHOCTH TYPOHHbI MO SKCMeEPHMeHTAaJIbHbIM JaHHbIM ykasanbt 
Ha pue. VII.18. 

Benuguyp P, u P, paBHBl: 


Pa = Vig * 
Pe = HF (WIT-7) 
rye F,— miollalb TOPH30HTaIbHOH mpoekuHH G6oKOBoH moBepxHocTu CD. 


CeloBaTeJIbHO, OCeBaA CJlaralolland BOSJeMCTBHA MOoTOKa Ha KOvIeco 6yzeT 
paBHa 





Pi = y(HaFa— HsFs) —e Ye, 
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TO 


2 
Py=9(HiFa—HF.—=--). (V11.8) 
Jlapnenua fo u nocae paOouero Koseca 6yAyT paBHul: 
2 


Cy 
Hy~ H — Home — se 3 


Tak Kak C2, = Fo? 





(VII.9) 


Cm 

A 5 —H omc ~ "og > 
rae Home — TeOMeTpH4eCcKadA BbICOTA OTCACbIBAHHA. 
Onpeyxenenue cuant P,. JlaBienne Bob Ha BepXHHH WH Ha HHUKHHH O601bA 
3aBHCHT OT KOHCTPyKWHH yIMOTHeEHHH HW pa3srpy304HbIxX ycTpOHcTB Ha oOoze. 
BejlelcTBHe BpalleHHA KOJIeca BOa B mpocTpanctBe J u IJ (mMexy o6070M 
H H€MOABH2KHOH MOBEPpXHOCTbIO COMPAKEHHIX AeTanen; puc. VII.17) 6ynet Toxe 
BpamaTbcn. Jtapsenue P, Ha BepxXHUuh O60 SyzerT 
paBHO | 
R, 07 
»—= | A2ur dry, (VII.10) 59 
R, 0 

rie R, uh R.— BHYTPeCHHHH H HapyXKHbll palny- 
Chl o602a, yKa3aHHble Ha pic. 





VII.17; | 
h — JaBaeHve B M Ha paccTOAHHH Tr Puc. VII.18. 3Hauenne Koap- 
OT OCH BpallleHua @unHeHTa & IA pa6ouero 


Koleca pa3HOH ObicTpOxog- 
HOCTH 


| 2 
h=h; + (?—R?), — (VII.11) 
Snecb h, — aBleHve B HEKOTOPOH ToUKe Ha paccTOAHHN R, OT OCH; 
3 — YIIOBaA CKOPOCTb BpallleHHA BOLI MeKAy OOOMOM UH KPBILIKOM 
TYPOUHBI. 

B cBa3H C TeM, UTO OOON KONeCa BpalllaeTcA CO CKOPOCTbIO @, a KPbILIKa 
TYPOHHbI HENOABYXKHA, CKOPOCTb BpallleHHA BOLI B MpOCTPpaHCTBe Me*Ky HHMH. 
OyqeT nepemeHHOoH oT @ Jo 0. Cpenutoro cKopocTb BOAbI ©, MIPHHHMaIOT M0 
ONbITHBIM J@HHbIM paBHOH 


0,50 <0, <0,7o. (VII.12) 
Tlogcrapus 3Hauenue A B (VII.10), nonyuum 
R; a 
Py = any | | + =e (P— | rdr= 
Ri 
2 21 p2 
—= yF CG 4 (AE Ri) (VII.13) 


re F = x (R3— Rj). 
Ecmn hy = hy, a R; = Ry, 6yeM UMeTb 


oo? R2—R? 
P,= (ry a ee) vF. (VII.14) 
wy 2 9 
| Ho Tak Kak ho = Ay + “gz (R2 — Ri); 
oj (Ri — R?2)=h—h (VII.15) 
gg \N2— Ki) = a — Mh. . : 
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- Burpaxenne (VII.14) c yaerom (VII.15) npumer Buy | 
p,= Bt py, (VII.16) 


rye h, — JaBneHve Ha BHYTPeHHHA BuameTp o6ofa Koeca y Balla B M; 

h, — RaBleHve y HapyxXKHoro AuaMeTpa oOofa BM. 

3SHauenne fh, u A, onpesenaAioTcaA c yyYeTOM NOTepH Hanlopa B yIOTHeHHH 
o6oja Kovleca H pasrpy304UHHX OTBEPCTHAX, PaCMOJIOMKeHHbIX BO Plane Bepx- 
Hero o6ofa (Ha pagnyce R) (puc. VII.17). 

BeiwuwHa nmporegkH BOABI Yepes ynwoTHeHHe BepxHero o6ofa (Ha pa- 
auyce R.) U pasrpy3ouHble OTBEPCTHA H Jasee yepes KOHYc 3a paOoyee KOseCO 
paBHa 


9 = PyF yn V 2ghyn, = oF om V 2ghom = MsFp.nV 28hp5>  (VIT.17) 


Tye Ha, Po, Ls — KOoppHUHeHTH! pacxoa; 
Fins Fom, Fp, « — COOTBETCTBYIOINIHe MIOMaln CeyeHHH, ONpexemAoulue 
pacxOl B yIWIOTHEHHAX, B pa3srpy304HbIx OTBEpCTHAX 
HM B OTBepcTHH KOHYyca paOouero Kouleca; 
han hom, Np, . — COOTBETCTBYIOWIHe NOTepH Hallopa B WleAM yIOTHe- 
| HHH, B pasrpy304HbIxX OTBEPCTHAX H OTBEPCTHH KOHYyca 
paGouero Kovleca. 
Tlorepu Hanopa OyyT paBHbl: 


Ayn — Ay — he; } 
Nom == h' — hh’; (VII.18). 
Ap, x = h' —H s9 
Tye he — JlaBJICHHe Ha nepHdepuHu o6ona 3a YILIOTHCHHEM, 
h' — yaBseHne mepeyl Ppa3Srpy3oOuHbIM OTBepCTHeM, 


h” — yJaBneHue nmocie pa3srpy30uHOrO OTBepcTHaA. 
Tipuuumas Hy = He = Ms 43 ypaBHenua (VII.17), nonyaHM 


Fi ahtyn = Fe mltom = Fo. tp. x 
WJM 











hom Fyn 
hom Fon \? (VIT.19) 
hp.n  \ Fom ) = me 
B coorpetcTBHH C ypapenuem (VII.11) 6ynem uMeTD 
hyo =h — St (Ri Ri) = h' —Ah,|| (VII.20) 


Hicnoapsya ypaBHenua (VII.18), (VII.19) a (VII.20), monyaum 
, mym 1+ m 1+-m 
n= 1 +- i + Tigi, Hs +r 1 + mz + mit, d 1+ mt, + mf, Ay. 
©603Ha4HB 


Miqfilo — k . ] + Ms, _ k 
1 + mz + mym, 1+ m, + mm, 2 
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Hanjyiem BhIpaKeHHe AIA ONIPeCHeICHHA AaBJICHHA Tepe pasrp y30uHEM OTBep- 
‘CTHEM 


h’ = ki, + oH, — k, Ah,. (VII.21). 


3uHaa h’, MoxHO nO ypaBHeHHto (V a Haiitu h, 


hy = hi — 9p (RY — Ri) | 


W 3aTeM ompeqenuTs he. 

Onpejenenne JapjueHnHa P,. JiaBaieHHve Ha HHKHHHK O6OL Ps onpexensercsa 
Kak CYMMa TpeX COCTABJIAIOWMX: TaBJICHHA BOAbI Ha BeEPXHHH Topell HHKHETO 
o60a, JaBJICHHA Ha HHKHHH Topell H WaBMeHHA Ha OOKOBYy10 NOBep XHOCTb 
o00fa. 

Ha Bepxuuit Tope jeficrByeT O6EINHO momHoe Aapienue H,. Ha 6oKkosyto 
MlOBepXHOCTb HHKHETO O6Oa HW HHKHHH Topell AeHcTByeT AaBsenHe H,, Tak Kak 
OObI4HO 3a30p B TOUKe E OobUIOK HW B STOM MECTE YILIOTHEHHH He CTaBAT. 

B 3aBHCHMOCTH OT ObICTPOXOAHOCTH KOJIeca HHKHHH O60] OyteT HMETb pa3- 
Hylo Konurypatunto (puc. VII.1), mostomy AaBaeHHe Ha Hero MOxeT ObITb Ha- 
HpaBJeHo BHH3 HW BBepX. 

Onpenyenenne cuHan P,. YcuaHe OT BCIVIbIBAHHA KOseca onpelesAeTca 
lo 3aKoHy ApxuMeza 


P, = —yV, | (VI1I.22) 


The V — o6bem pa6ouero kovieca. 

Myorda JIA CHHKeHHA JaBJIeHHA BOA Ha HHKHHH OOOL IpenycmatpuBaerca 
CIelWHalbHOe YCTPOHCTBO, Ha3biBaeMoe Aedsektopom (puc. VII.17, a). Ox 
COCTOHT H3 KOXKYX4, 3aKpenseHHOrTO Ha BepxHem oOoge. Ero pepxHAA 4aCcTb 
nipelcTaBAAeT COGOH MOCKOe KOJIbILO 3HAMHTEJIbHOH WHpHHbI. Hay STAM KOJIb- 
10M Ha peOpax KPbIIKH yKpenmJieHO HEHOABHXKHOe MOCcKOe Kobo L TaKHX 2*Ke 
pa3mepos. IIpocrpaHcTBo, OOpa30BaBlleecA Mey 9THMH KOJIbILaMH, HMeeCT 
CBOOOJHHIM BEIXO mo nepHdepHH R,. Ha BHyTpeHHeM AHaMeTpe Rg H3-3a 
HamHuHA OypTuka M umeercA y3KHH 3a30p T MexX]Y HeNOABHXKHbIMH H Bpa- 
WalOulMMHCA KOJIbwaMH. []puH BpalWleHHH KOJIeca BOAa, HaxomAlaAcaA B MIpo- 
CTPpaHCTBe Mey STHMH KOJbILAMH, YBJIeKaeTCA BpallalouluMca AHCKOM S 
HM oTOpachipaercaA WeHTpoG6exKHOH CHIOH Ha nMepudepHio K TouKe N. JLanee 
OHA MpOXOAWT M@EXKAY HeNOABHOKHbIM JHCKOM L UM KDpbIUIKOH TYpOHHb B WeH- 
TPaJIbHY!O NOMOCTb Ha pa6OuHM KOVIeECOM, OTKyJa Yepes pasrpy30qHoe OTBep- 
cTHe mlomayaeT B KOHyC pa6oyero Koueca. 

Ha MecTo OTTOHAeCMOH LeHTpOOeKHOH CHJIOH BOAbI NOCTyNaeT HOBaA wepes 
BHYTPeHHHH 3a30p 7. OHAaKO BCJIEACTBHE TOFO, 4TO 3a30P Madi H MOCTyNwMeHHe 
BOAbI 4Yepe3 HELO ZATPYAHUTebHO, TaBleHHe B IpOcTpaHcTBe MexKy AHCKaMH 
yMeHbilaetca. M3 asmiophHl AaBmeHua Ha puc. VII.17 BugHo, 4TO MaBeHHA 
B TO¥Ke M u N ofnHaKOBHEI 3a CyueT nepenaya JaBleHHaA MexIy T u M, pasuoro 
noTepH B WeAH. Suiopa HMeeT CTYNeCHYATHIM BH H MeHbILY!IO Mollatb, 4eM 
@aHalOrHuHad aMiopa pH OTCyTCTBHH AedbwexTopa (puce. VII.17, 6). 

CreqoBaTeIbHO, CyMMapHoe JaBlleHHe Ha BepXHHH O60 yMeHbulaeTCaA. 
BenwunHa 3TOrO CHHXKCHHA TIPOMOPIHOHaIbHa Pa3HOCTH AaBJeHHH HW BeJIH- 
THHE NNOWAW WOABHKHOTO KOJbia Jedsiextopa. Uem 6ombuie OTHOCHTeIbHaA 
BeJIHUHHA IVOMalH JHCKa H 4YeM MeHbIe 3a30p, TeM OO/JbIe IPH 3a,aHHOM 
“uCe O6OpOTOB MOxKeT GbITh CHHKeHHE AaBMeHHA. ONbIT 9KCNyaTaWul TaKHX 
AePeKTOPOB NOKa3aJl, ATO AIA HaexKHOK padoTH HeEOOXOAHMO TLaTeJIbHOe 
BLINOJHEHHe U XOpomiee 3akpensenue JepsekTopa Ha o6one. 
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3. NIPHBJIMDKEHHbIA PACYUET PABOYETO KOJIECA HA TIPOYUHOCTb 


Pa6ouee KOIeCO paHaJIbHO-OceBOH TYPOHHbI, BpalllaAch B MOTOKe BOJBI, 
HaXOAHTCA NOW ACHCTBHeM Pa3JIM4YHbIX CHI. OTH YCHAMA Y MOLLHBIX rHApotTyp- 
6HH JOCTHTAaIOT GOOJbIIHX BeM4UHH HW BBISbIBAIOT 3HAUHTEJIbDHbIe HallpAKeHHA 
B 3/IeMeHTaX paOouero Kovleca. 

B HacTosiee BpeMA MpH MpoekTHpoBaHHH pa6ounx KOJIEC MOLWHBbIX pa- 
J\MabHO-OCeBbIX TYPOHH MpHMeHAeCTCA YTOUHEHHHIM MeTON pacueta pabouero 
Kosleca. ITOT MeTO], pacueta 6yeT H3JI0%KeH HHKe. BMecte c Tem AIA UpewBapu- 
TEJIbHEIX IIPHKHJOWHBIX pacueTOB NPHMeHAeTCA UPHOJIMKeHHbIH MeTO. B cooT- 
BETCTBHH C 3THM METOJOM MIpOH3BOAHTCA pacueT HallpAxKeHHH OT LeEHTpobex- 
HBX CHJI B paqWasbHbIX CeYeHHAX Hapy2KHOre 
HW BHYTpeHHero oO6070B. HanpsakenHoe coctos- 
Hue JlomacTeH He onpeyemnetca. 

HanpskeHua B OOO2ax paCcCUHTHIBAaIOTCHA OT 
BO3HeHCTBHA COOCTBEHHbIX UWeCHTPOOeKHHX CH 
HW IWeHTpoOexKHEIX CHA JonacTeH. Lentpobex- 
Hble CHJIbI OT WOMacTeH, WeHcTBylollHe Ha O6o- 
JibA, TI@PeCUHTHIBaIOTCA OO6paTHO NponopilHo- 
HaJIbHO PacCTOAHHMIO OT WeEHTpa TAKECTH JOMa- 
cTeH 0 IleHTpa TA2xKecTH OOoOZbeB. Takum o6pa- 
30M, lepecueT HEHTPOOe@XKHEIX CHI IPOMSBOAMTCH 
Kak JIA Oak, JexKauleH Ha AByX omopax, Hu 
XapakTep 3a]@KH JlomacTH B OOojJe He y4HTHI- 
BaeTCs. 

PacueT WebHOrO H pa3sbeMHoro padouHx 
KoJIec IpHOJIMKCHHBIM MeTOJOM, IIpHMeCHABLIMM- 
ca JIM3, c NOApoOHbIM H3JIOKeHHEM xOMa 
caMoro pacueTa HW KOHKPeTHBIM TpuMepom, 
BKJIOUAIOWIHM MeTOAHKY ONpexeseHHA IeHTpo- 
Oe@KHLIX CHI MpOCTpaHCTBeHHBIX JeTasleH KoOue- 
ca, maetca JI. [. Cmonapoppm [25]. Huxe 

'  OMHCbIBaeTCA OOUIHH NOpAAOK 9sToro pacuerta. 

Pac. VII.19. Cxema genTpobex- IlembHoe Kouleco. CuntaioT, YTO KOsIeco Typ- 

HBIX CHJI, JCHCTBYIOWLHX Ha Ppa- 

Gouee Komeco OHHbI, COCTOALee H3 BepXHero MH HUKHErO O60- 

OB MU NOMacTeH, HaAXOAHTCA NOX BO3TeHCTBHeM 

CHCTeMbI CHI, ykKa3aHHbIX Ha pHe. VII.19. LlentrpoOexuiie cub sona- 

cre C,, BOCIIPHHHMAal0TCA HHKHHM HW BepXHHM OOOJaMH, a KPYTAWIHH MOMeHT 
OT JONacTeH BOCNPHHHMaeTCA BePXHHM O6O70M B ceyeHHH M—M. 

Tlopagok pacueta cieq youu: 

1. TloqcuutTprBaroTcaA WeHTpo6exKHble CHI KakOK Nonactu. Ja store 
ee culeqyeT pa30HTb Ha PA CeYeHHH, NepMeHAMKYMAPHBIX OCH paOoyero KO- 
jeca, uepe3 HeOObIIHe MpOMeXKYTKH No BbIcote (Ah). [a Kaxgoro ceyenua 
MOXKHO ONpeeIHTb Wawiomatb F, 3aTeM 3uleMeHTapHEIH oObem FAN, wentTp 
TAXKECTH 3STOTO OObeMa fF. DNeMeHTapHan WeHTpoOexHaA CHa OyeT paBHa 





AC = =A 


IIpopeaa HHTerpuHpoBaHHe NO AJIMHeE NONaCTH, MOXKHO HaHTH NOMHY!O WeH- 
TpoOexHy!O CHL 


G 
C,= o Cay 








'(VII.23) 


rie G, — Bec momactH; 
R., — pawWyc pacnowoKeHHaA WeHTpa TxaxKecTH sONacTH. 
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2. TloqcuntTpipaetca cCyMMapHaaA WeHTpobexHaa cusa, JeHCTByIOMan Ha 
NIOIOBHHY padouero KOvieca, OT JOMacTeH MpH HOPMAJbHEIX U pa3roHHbIx 
o6opoTax, | | 


DiC, =C + 2C cos g, + 2Ccosgeg t+... =C(l+2cosq, + 
+ 2cos@,g+...). (VII.24) 


3. Hoaarator, aro nenTpo6exHaa cua sonactu )}C, nepeqaerca Ha HWXK- 
HHH HW BepXHHH OOOJbA B OTHOMICHHAX, OOPaTHBIX pacCTOAHHAM OT TOUKH ee 
(IPHJIOKEHHA AO HHKHEFO O HM BEPXHerO a OGObEB: | 


Co. = » Casts: 


Cus= Y) Ostz- 


4. WoncauterBaerca WeHTpoOexKHaA CHa NMOJOBHHKH BepxXHero H HHXK- 
Hero OOOTbeB: 


(VII.25) 


] Ge. 
Coo = rie 07 Re. 03 | 
g (VII.26) 
Cu o = “9° a O* Ry. 0: 
rye Ge..o. Gy.o — BeC BepXHero H HWKHErTO OGONbEB: 


Reo.or Ru.o — PadWycnl IGHTPOB TAKECTH NOMOBHHOK BepxHero H HHK- 
Hero oOobes. 
Payuyc UeHTpa TAKeCTH NOMOBHHKH O6ONa paBeH 


Ro= Rumor (VII.27) 


re Ry. mo — PakWyc WeHTpa TaAxKecTH WouLayH ceyenun o6oNbA. 

o. Onpeyensiotca JelicTBylollve Ha BepXHHii M HAKHUH O6OAbA CyMMapHaA 
WeHTpobexHaA CHa OT NOMAaCcTel H MOMOBHH OOOAbEB IPH HOPMaJIbHBIX Hi pas- 
TOHHHIX O60poTax: 


= C,,+C,. 0; Cy. p= Co. ap + Co. 0. p’ 


Cy = Coa t+ Cu. o' Cy. p = C,, apr Cu, 0. ps (VIT.28) 


6. OupezemsiotcA HanpsxKeHHA B BepXHeM H HM KHEM OOObAX IPH HOp- 
MaJIbHbIX H Ppa3rOHHbIxX OG6opoTax: | 





| Ce Ce. p 
Oge— an; C8F.p= ° 
oF, ? Pp oF, ? 
° ° f(VII.29) 
Oo. = Cy - Oo — Cu. D 
a QF ’ HP oF u ? 


rye fF, u FP, — ma0ulaqb COOTBETCTBYIOINUX CeyeHHH OOObER. 

7. OnpenensioT HanpsxKenHe OT KpyTAero MOMeHTA, KOTOpoe OyzeT HaH- 
OobIIMM B CedenHuw M—M B mecte nepexosa oT lonacteli K BepXHemy o6oxy. 
OTH HanpAxKeHUA ONpeleAIOT NO AaHHbIM, MOMYUCHHIM B a6opaTOpHH mp 
CKPyUHBaHHH MOjJeIM KOeca aHaJOrH4HOrO THMa JO pa3spyllieHHa, NO Popmyuie 


, D 3 N inax | 
o=0 (5) Maco? (VII.30) 
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rye D,,— AuameTp paOouero Koueca MojenH; 
Dy, — Auametp pa6ouyero Koseca TypOHHEI; 
M xp — pa3pylialollHH KPYyTALWIHH MOMeHT Ha MOJeJIH; 
oO — paspyllaiomee HallpaxeHve B MOJeIH npH M xpi 
_N — MaKcHMasbHaa -MOULHOCTh Typ6HHHT; 
@ — yIrvl0OBaA CKOpOCTb TypOHHBI. 

Jina onpexzeneHHA KOOPAHHAT LWeHTpa TAxKecTH H BecCa MONACTH HeOOxoO- 
MMO JIA pacueta paOouero KosIeca Ha MPOUHOCTb NOMb30BaTbCA OObIMHbIMH 
MeTOaMH, CYKAWIMMH JIA ONpeweeHHA MolwWaleh, CTaTHueCKHX MOMCHTOB 
H KOOPAHHAT WEHTPOB TAXKECTH NAOCKHX Muryp. Mvorya nowb3yloTcaA AaHHbIMH, 
3aMepeHHbIMH HelocpeACTBeHHO Ha MOJCJIAX MOMACTH HW Koveca. | 

PaspemuHoe xkoueco. [IpH pa3beMHOM kKOvIece HeOOxXOZHMO OOpallaTh BHH- 
MaHhe Ha KOHCTPYKILHIO MeCTa ero coeqHHeHHA. BanyaxKu HafeBaloTCA Ha KO- 
JlecO B NOMOrpeTOM COCTOAHHH H MOCJIe OCTLIBAHHA CO3ZaloT HalpAxeHHOe 
cocTOAHHe JeTameH Kovleca. | 

Hatsr cosfaiwT AA Toro, uTOObl Np BpalleHuH paOouero KOMeca Aaxe 
C MAaKCHM@JIbHbIMH Pa3srOHHbIMH OOOpoTaMH He MOABHOCh ObI 3a30pa B CTHI- 
Kax M@K]y wacTAaMu paOouero Koweca. | 

Ilostomy K yCHJIHAM THApaBsMueCKHM H WeHTPpOOeKHKIM, JeHCTBYIOULHM 
Ha Koyleco, 206aBAeTCA CHJIbI OT HaTATa GaHyaxa. Llentpo6exHble CHJIbI, BO3- 
HHKaloulHve B JOMNacTAX WH B YWaCTAX BePXHero H HHXKHETO OOOOB, CTPeMATCA 
pacTAHyTb OaHyaKH HW COCMHHHTEIbHbIC SOOJTHI, CCIM OHH HMEIOTCA. 

CreqoBaTeJIbHO, IIpH pacueTe pa3beMHOrO KOvIeca HeOOXOAHMO ONpeesIATb 
3Ha4UeCHHA ILCHTPOGeXKHHIX CHJI, JEHCTBYIOWNX Ha YaCTH KOJeCa, H CHVJIbI, MO- 
ABIAIONLHeCA TIpH HaseBaHHuH Oanyaxa. Uactu. padbouero kKoneca TypOHHBEI 
COCAHHAIOTCA Tak Ke C NOMOMbIO WEHTPHpylomlero 6ypTHKa UH GOOJITOB tbiaHwa 
Bala, KOTOPble GaCTH4HO BocnPHHHMArOT Harpy3Kku. OaHako B pacueTe 9TO He 
VUHTHIBaeTCA. 

Onpeyesenne HeHTpooeKHbIX CH, NeHCTByIOulAXx Ha 6anyaKn. Jina onpe- 
eeHHA CYMMapHOH WeHTpoOexKHOH CHJIbI ONHOH UaACTH Pa3sbeMHOrO Koweca 
NOACUMTHIBAIOT LEHTPOOeKHbIe CHILI 3JIEMCHTOB STOH UacTH — BepxXHero OOosa, 
jonacteH H HHxKHeTO OOona. Jlaslee HaxOAAT NOMOKeHHeE PaBHOJeHCTBYIOWUX 
BCeX I€HTPO6eKHEIX CHJI Ha BbICOTe 2 , 


C; 
ya (VII.31) 


De” 
rye C; — WeHTpoOexHble CHVJIbI; 
Z; — paccTOAHHe OT MOCKOCTH OTCUeTa JO JIMHHU JeHCTBHA aHHO 
IWeHTpoGexXKHOH CHVJIBI; 


» C; — CyMMapHad lWeHTpoOexHan cHJla, pacTATHBalolan OanwaxKn u 
OOJITHI. 
Paccrosnne OT IIPHHATOH MAOCKOCTH JO WeHTpa TAKEeCTH ceyeHua OanaxKel 


OyeT paBHO 
» Fiyi 


y= WF” 
rye /; — naomagqn ceveHHaA GaHtaxeh H OOMTOBLIX CoeqHHeHHE. 
y; — paccTOAHHe OT IJIOCKOCTH OTCYeTa JO WeHTpa TAXKeCTH AaHHOH T10- 
ayy. 

O6LIHO TOUKH MpHJIOKeHHA CYMMAPHOH LWeHTpOOexKHOH CHIBI i WeHTpa 
TAXKECTH CeYeHHA OaHwaxKeH HW OONTOB He COBMaaioT, T. e. z2 ~ y. Cnenosa- 
T@JIbHO, HMeeT MECTO CJLyYGaH BHEMeHTpeHHOro NPWJOXKeHHA CHVIbI, BbISbIBAIO- 
men HalnpxxKeHHA pacTaxKeHHA HW U3rHOa 


Oo = 0, + 0,. (VITI.33) 


(VII.32) 
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Hanpsaxenna OylAyT paBubl 


ue (V1I.34) 


rie )} F — cymMapnaa naoulamp cevenua 6antaxel u GomTos; 
J — MOMEHT HHepluH OaHyaxKa H OONTOB; 
h — paccTonxnue OT WeHTpa TAKECTH CHCTEMBI JO neHTpa TAXKeCTH OaH- 
jaxka. 
SHad HalpxAxKeCHHA, MOXKHO OMNpPeNeNHTb CHJIbI, eHCTByIoWlHe Ha 6aH- 
Waku H OOJTOBOe COeIHHeHHe, CCH OHO CYIIeCTByeT. 
Jina BepxHero 6aHwaxKa pac- i 
TATHBaIollanca cHla P,¢ Oyler 
paBHa 


P, px E 
YF 

roe F, 6 — nmuomlalb ceueHHaA 
BepxHero O6aHjaKa. 
JlonojHuTeIbHaA CHa, BO3- 
HHKalollad B BepXHeM OaHJaxKe 
OT BHeIeHTPeHHOrO IpHAOKeHHA 
HeHTpo6exKHOK CHJIbI, Oy AeT paBHa 


C 
QF,.6, (VII.35) 





| Clz—y)h ee 
Peo. = tenis 2F 6, 6- Alo clopxu Nocne cOgonu 
(VII.36) Puc. VII.20. K pacuery OGangaxa 


Hanps>keHua B BepxHeM OaHJlaxke MOryT ObITb CXKHMAIOIIMMH WJM pacrTa- 
THBaIOWMMH B 3aBHCHMOCTH OT B3aHMHOFO NOJOKeCHHA TOUKH MpPHOKeHHA 
CYMMAapHOH CHJIbI H WeHTPa TAH2KeCTH BCeH CHCTeMbI. Ecau Touka mpHaoKeHHA 
CYMMapHOH LWeHTpObexKHOH CHILI pacmOaraeTcA OT BepxHero OaHaxa Ha 
OOJIbIIEM PaCCTOAHHH, JEM WEHTP TAKECTH CHCTeMBI, TO Tora B BepxXHem OaH- 
jlaxKe BOSHHKAIOT HallpA2KCHHA CKATHA, Aa B HHKHEM — HalpAKeHHA pacrTa- 
*KeHHA. Jia HHKHeETO OaHwaKa yCHMHA ONpeweNAIOTCA aHaNOTH4HO. SHaA 
CHJIbI, JEHCTBY!IOWUHe Ha GaHaxKH, HW MOACUMTAB WeHTpobexKHble CHJIbI OT CAMHX 
OanaxKeH pH HOPMAaJIbHbIX H pa3roHHbIxX O6opoTax, MOXKHO MpOu3BOAUTb 
pacuer OaHqaxKeH Ha MpOuHocth. 

PacueT 6aHyaxa pa6ouero Koneca. Jia co3qaHuA HalpxAxKeHHOFO COeH- 
H€HHA BHYTPeCHHHH AvaMeTp GaHwaKa BEINOJIHAeCTCA MeHbINe CONpAxXeHHOrO 
Hapy2XXHOoro JuvamMeTpa oO6oa KONbila Ha BemMAHHy 6 (puc. VII.20). Tocne 
cOOpKH B OaHyamkKe MOABJIAIOTCA PaCTATHBalollve HalpsAxKeHHA, a B OOoORe 
Koeca — cxKuMalonlHe. I]pH BpamleHHH kKOsleca WeHTpoOexHaA CHa OyzeT 
YBCJIHYHBaTb PacTATHBalolUiHe HallpAKeHuA B OanHwake H YMeHbIUaTb HalpsA- 
KeHHA CKATHA B OGoOReE. 

Jia paccMaTpHBaemoro Cly4aA TOJUIHHA KOJIbIa fh Maja 10 CpaBHeHHIO 
C payqHycomM R, NOSTOMY MOXKHO BOCNOJIb3OBaTbCA MOPMYJaMH ia onpeyese- 
HHA HallpA2xKeHHH B TOHKOCTeCHHBIX cocyaXx: 

pacTaArHBalomee HallpsAxKeHHe B OaHyaxe OyzeT paBHO 


o,, = Peo R (VII.37) 


dol 


C*KHMalwutve HalipAKeHHA B o6oe Kovleca 


Oz, = Poon (VII.38) 


RebopmManua Oanaxa 


(p+ Cy) Ry 
A, = Ee; (VII.39) 


yepopMauuaA oO60fa Koueca 


__ 2 (P i Cx) R3 
A= (VII.40) 
B sTux dopmy.iax =p — yaelbHoe JaBleHve Mexy OanzaxKoM H 0O60- 


JOM, BbIZSbIBAeMOe HarpeBOM (HaTATOM); 
Ce — WeHTpoOexHand. CHa Ha CAHHHIy MOBepXHOCTH 
OaHaxka. 
C,, —— NeHTpoOexkHad CHa Ha CAHHULY O607a Koveca; 
_£,; —,— MOAyaH ympyrocTtH MaTepHalia Oanmaxka 4 
o6o0fa Koueca; 
R,; R.— cpefHue payuychl cewenua OaHyakKa uw o6ona 
| KOJIeCca; 
| hy; h, — TommuHa cevenusA OaHyaxKa Hu OOoOda. 
Hlonuaa gedopmauua OyyzeT paBHa 


2 (p+ Ce) Ri 4 20 = C.)Ro 








=A, + As — Exh Exhe 
(RR RE 2CoRY ——2C, RE 
Eyhy Eshs Ey, Eyhs 
OTKYHa NOC Te npeoOpaso0BaHHa NOJTYGHM 
1 9 
> (OE hy — CoRy CR? 
R? + R2 url R2 + R? git2g 
1 2 E.he . 2 1 Eh, 


Tlogcrasus 3Hayenve (VII.41) B ypaBHenua (VII.37) u (VI1I.38) u coenaB 
mpeo6pa30BaHHe, NOAYUHM: 

















Ry Eyhy 
o,, = —___®%1_4 Co&,__Ri_*" 
zal R?2 hy R2 | 
QR 1 2 , Fahy | 1 2 Eyhy 
i Re "Esha Ri Exhe 
CxR : 
+. TT (VII.42) 
h i 1 . Eehe 
, R3 Eyhy 
o 6E,h,Re __ C6Re | __ 
TT Ry Eyh Ry Eyh 
yity ity 
“hoy ( TRE R? Fits Ms ( R? Bits) 
Ri ahs 
| 2 E,h 
CeR, RQ 
— —— 7 (VIT.43) 
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3Had pa3mMeppbl Ganfanxka HW O60a, MOKHO NOACIMTATh WeHTpOOeKHYIO CHATY 
Ha @RHHMILY MOBeEPXHOCTH H ONpeNeIHTb HallpsAxKeHHe B OaHyaxe H OOoOLe, 
3aJ[aBUIHCb TEM HJIM HHbIM HaTATOM. 

Jia coxpaHeHHA HaweKHOrO COCAHHEHHA IPH pasH4HBIX 4WHCIax .oc6opo- 
TOB HeOOXOAMMO, 4TOObI IPH. BCeX pexKHMAaX PaOOThI COXPaHAJICA HATAT, T. e. 
Halo, uTOOb! 0607 Bcerga HCMBbITLIBad CKMMalollee HanpsKeHHe (0;, > 0). 
Jia 3TOTO HeEOOXOAMMO BbIZepKaTb ycsIoBHe 


2R7 — 
—§> =k, (Co + Cr). — «VIT.44) 


Llentpo6exHble CHJIbI G6aH1aKa, IPeACTaBAloWlero CO6OK KOJIbIIO NOCTOAH- 
HOO NOMepeyHoro CeYeHHA, ONPeMeAIOTCA CJIEXYIOWHM MyTeM: 
9JIEMCHTapHan WeHTPOGeErkHAA ¢ cua Oyner paBHa 


— 3JIEMeHT MACChI GaHfaxKa; 


@ — YIPIOBaH CKOPOCTh, 
lleHTpoOexHan Hala, IPH XOAAMAACH Ha: CIMHHILY HOBEPXHOCTH GaHqaxa, 


dCg6 


WeHTpoOexkHaA CHJla, NpHXOAAWaACA .Ha eAHHHWy nNoBepxHocTu o6osa 
Koseca, MOJCUHTHBaeTCA ACJICHHeEM CYINeECTBYIOWNeH WeHTpoOexKHOH cHibl Pe, 
Ha M0Uladb TOPH3OHTAIbHOH MpOeKIHH NOBepxXHocTH obosa 


P6 


Ce= He, (VII.46) 


re Pg — CyYMMapHas WeHTpoOexKHad CHa, NPHXOAAMAACA Ha aHHEI OOo, 
B COOTBETCTBHH C BbIpaxkeHuvem (VII.35); 
D — Hapy2XXHbIi AHameTp obona; 
6 — Bbicota o6ofa. 

Onpenesenne TemiepaTypbl. Harpesa Gannaxa. UTo6nl CBOOOXHO HayeTb 
OaHjax Ha O60, OaHyaxK HeOOXOAMMO HarpeTb. OObl4uHO OaHyaxK HarpeBaloT 
NO. TakOH TemMepaTypbhi, 4TOObI ero BHYTpeHHHH AHamMeTp Obl. ‘HECKOJIBKO 
6ombule Hapy2XHOrO AMameTpa o6osa. 

Ecru R — paguyc wenTpa TAXKeCTH cCeyeHHA OaHsaxKa pu HOpMasIbHOi 


Temiepatype, To R + > — payuyc 6anjaxka nocae HarpeBa ero Ha Temnepa- 
typy At °C, tTorga pasBepuytas WwiHHa HarpeToro 6aHwaKa paBHa 
b= 2n (R + +): (VII.47) 


C wApyrok cTOpoHubl, ecm a& — KOSsPHUNeHT JIHHEHHOTO. pacluupeHua 
cTawH, TO 


L, = 2nR (1 + a Ab). (VII.48) 


M3 Bpipaxennit (VII.47) u (VII.48) caegyer, ato 





At = <a. (VII.49) 
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HO 
At = te — th, — (VIL.50) 


rye ¢, — TemMMmepaTypa Harperoro 6aHaxKa; 
¢t, — Temnepatypa 6aHJaxKa B HOPMaJIbHOM COCTOAHHH; 
5, — BewuHHa, Ha KOTOpy!O JOKeH yBeIUMHBaTECA nWaMeTp OaHaxka; 
OOLINHO 8, = 1,56; 
6 — BeJIM4HHa pacueTHOorO HaTaAra. 
CnejopatembHo, 43 (VIT.49) u (VII.50) nomyaum 


0,758. 
t. = aie +t, — “Ra + t. (VII.51) 


4. YTOUHEHHbIA PACYUET HA NPOUHOCTb .CPEAHEHANOPHbIX 
PABOYUHX KOQOJIEC 


B npeabiaqyurem naparpade ropopuutoc, UTO NpHOHKeHHbI MeTO pacueta 
paOovero koseca OONaqaeT PANOM HENMOCTATKOB, a HMCHHO:. 

1) OH He aeT BO3MO2KHOCTH onpelesHTb HanpAKeHHA B MOMacTAX pa6bo- 
uero KOJIeCa; 

2) pacueT O60fbeB u OaHaxeh BecbMa HeTOWeH, TaK Kak yCHJHs, jen- 
CTBYIOWHe CO CTOPOHbI JOMacTeH Ha OOO, ONpesesAioTcA Kpahne npHOan- 
2*KeHHO. | 

Takum o6pa30M, NpH6MKeHHbIH MeTO pacueTa MOXKeT MPHMeHATLCA VIA 
OPHeCHTHPOBOUHBIX PacdeTOB B HavaJIbHOH CTaqHH MpOeKTHPOBaHHA. 

Ha JIM3 A. A. Aponcon [2] paspaGoran yrouHeHHbIi MeTOA pacueta Ha- 
MIpxAxKeHHOrTO COCTOAHHA pa6ouero KOJIeca.. B ocHoBy 3Toro pacueta 6piia 
MOJIO#KeHAa CXeEMAa, NO KOTOPOH paGouee KOJIECO 3AMCHAJIOCh CTeEP2KHEBOH CHCTEe- 
MOH, INpHu4eM JOMNacTH pacCMaTpHBaJHCb Kak 3aKpy4eHHble H3OrHYTHEe CTep2KHH 
mepeMeHHoro ceueHHa. C OMHOH CTOPOHbI, CTeEPKHH NPHHHMAJHCh MKECTKO 3a- 
H€aHHbIMH BO BHYTPeHHHH O602, Cc Apyrow — compsratHcbh C Hapy?KHbIM 
0600M. Taka CXeMaTH3allHA He O4eEHb OpaB ana, Tak Kak JIOMNACTH ABJIAIOTCA 
CJIOKKHbIMH MOBEPXHOCTAMH HW 3aMeHa HX CTePXKHAMH He BCerfa AOMmycTuMa. 

OHaKO 6bINO SKCNEPHMEHTAIbHO YCTAHOBJIeHO, YTO B AONacTAxX pabouwHx 
KoIec CpeqHeHanOpHbIX TYPOHH HMeeT MECTO OZHOPa3MepHoe HallpAxKeHHOe 
COCTOAHHE, T. €. JONACTb MOMKHO PaCCMaTPHBaTb KaK TOHKOCTeHHBIM CTePp2KeHb. 
[lostomy TeopHA TOHKHX CTepxKHel MOKeT ObITh HCNOMb3OBaHAa'B pacueTe Ha- 
IpxH2KeHHOTO COCTOAHHA paG6oyero Koseca. OCHOBHbIe NONO#KeHHA TeEOPHH TOH- 
a cTep2xKHeH H310%KeHbI B NepBOM H32aHHH MOHOrpadun «lHApoTy pOHHb» 
ra. VIT). 


PacueT siomactTu 


B cOOTBeTCTBHHY c TeOPpHeH TOHKHX CTepxKHeH Ha HallpsArxKeHHOe COCTOAHHE 
CTepxKHA, HarpyXeHHOTO CHCTCMOH BHEINHHX CHI, ONpeweneTCH H3 ypaBHe- 
HHH PaBHOBeCHA WH YpaBHeHHH, CBA3bIBaIOWUX NMepemelleHHe H yIVibl NOBOpOTa 
Ce“eHHH CTEPKHA C ETO XapakTepHcTHKaMH. B BeKTOpHOH GopMme 3TH ypaBue- 
HHA MMECIOT BHI: | 

1. YpaspHenne paBHoBecuA 


du = 4b - = 
2. Ypasuenne nectbopmaunit 


Bo - BB com. 
ae = Ob: =o + (t x 8) = 9, 


rye F — BeKTOp BHellHeH Harpy3kH; 
VU — BeKTOp BHYTpeHHUX yCHHH; 


L — BeKTOp BHYTPeHHero MOMeHTQ; | 
7 — C(MHHUHBI BeKTOP KacaTeAbHOH K OCH CTEPKHA; 
6 — Bextop yraa nopopora CTepKHA, 


6 — BekTop nepemelleHHA HeKOTOpO! TOUKH OCH cTepxKHA: 


S — KOOpAHHaTa paccMaTpuBaemoro ceyeHHA (0 OCH CTepxKHA); 
O — TeHSOp NOaTIMBOCTH. 


Ten30p NOLaTJIMBOCTH B PIaBHbix OCHAX HHepnHH Ce€4YCHHA HMeCeT BHA 
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A 1 Of. 
Go=—= _ > 
OoB1 
0 0C 
_ Baympennua 
rye A, B, C — mectkocTH Ha H3rH6 M Kpy- 0600 
yeHHe: 
4 
A=EJ,; B=EJ,; ca fF 


4n Jp’ 


rie J, u J, — MOMCHTHI AHEPIHH CceyeHHA OT- tsp 
HOCHT@JIBHO OCeH X H Yy (PHC. [SS 
VII.21); 
E — MOgyJIb ympyroctH; 
G— MOLyJb caBura; : : — 
F — rinowalb ceyenua cTepxKHa; Mapy seriou 
J — NOMApHBIM MOMCHT HHeEpuHH ce- | 
WeHHA JIOMAaCTH. Puc. VII.21. K pacuery sonacts 
YpaBHeHHA paBHOBecHA Hu AesopmMannii NO- _ paGouero Koneca PpanHanbHo-oce- 


C@ HHTCrPHPOBaHHA HMEIOT BHI: | _ Boro THMa 
$s —_ S 
v=v)— | F(v) do; = o— | oL (v) do; 


L=1L,— (F110) 00+ | ils) —F (1 F (0) dos 


5= 5, +6 (r—7e) — J iF (s) —F (o)) oLd, 


Se 
mer=r (s) — y paBHenne ocH crep2KHA. 


Pemenve S3THX ypaBHeHHM 3aBHCHT OT BeJHUHHbI ueTBIpex IIpOW3BOIHEIX 


BEKTOPOB Uo, Lo, 95, 59, 3KBHBANCHTHLIX 12 MpOWSBOuBHBIM NOCTOAHHBIM, 
ONpeMeAAHCMbIM H3 TpaHH4HbIX YCJIOBHH. 


B nmpoexuuHax Ha ocu €, &, n, (pue. VII. 21) y paBHeHus. paBHoBecusa ui 
RepopMallHH 3anullyTca B Buse: 


Uz == Upp — | F (0) do: _ Uy = Voy — | F, (v) dv; 
ne . . (VII.52) 
Up = Veg — | Fy (0) dv; 


23* 395 


S \. 
Ly = Log —(n— Mo) Yoe + | Ins) — 0 (0)] Fe (0) do; | 


Ly = Loy +E — 0) Pog — J 18 (5) —§ (ON Fy (0) do; 





) (VII.53) 
Le = Log —{E — £0) Pon + (9 — No) og + 
+ J {E) —E OI Fy () — In(s) —n(0)] Fe(0)} do; 
: } 
O,= Org + | (uly + Only + Hele) do, 
On = 80 + J (Ongle + Snnln +9 OeLy) dv; } (VIL.54) 
Op = Gag + | (Oggly + tyLy + OeeLe) do; 
| | 
Og = Sog + Gog (1 — No) — | [n(s) — 
— " (v)] [OgeLe + OryLy + 6,¢L,] do; 
6, = Son + 80g (& — Eo) + | 1E(8)—E(OM loggle + | 
* (VII.55) 


t Ozqby + Oe_Le] a0; 
5, — Sor + Ooz (n — No) —_ Bon (E — Eo) — J 18) — 


BprncieHve BXOJANIHX B YpaBHeHHe HHTErpasos B OOUIEM BH Je rTpOMO3KO, 
UX CMeLyeT ONpeAeATh YHCMCHHO. STO. ympouaer pacuer. 
_ Gagaemca rpaHHuHbIMn ‘YCJIOBHSIMH 

1. Tlonaraa, uro BepxHuit KOHeL JIOMacTH HKeCTKO 3aye1aH BO BHYTpeHHnit 
o6on, u BbIOpaB Havaslo KOOPAMHAT y BepxXHero KOHWa JOnacTH (puc. VII.21) 
pu s = O, nosyuun: 


0) = 0, T. @. Og = oy = Og = 0: | 


| (VII.56) 
55 = QO, T. €. Sog — Son — Soe = Q. 
STO yCIOBHe BbINOMHAeCTCA JOCTATOUHO TOUHO, TaK KaK BHYTpeHHHH O60] 
c (laHiaMuv JWI KpenwieHHA K Basy JOCTaTOUHO MaCCHBeH. 
2. HuxHHi KOHeL JIoNacTu 3afeaH B Hapy2xXHOM OOo7e, KOTOPbIH MOKeT 
nepeMelaTbcaA BMecTe Cc HHM. Tora pH Ss = Ss; 6yeM HMETB: 
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a) ycOBHe CBOOOAHOTO NepeMelleHHA..KOHIa JLOHACTH BMECTE. C..0600M 
B HallpaBJICHHH OCH TYPOHHBI © 
re Gos: —- Bec o6ona; 

zZ— 4HCO JoNacTeH; 
Ap —nepenaq jaBleHua. Ha Hapy2KHOM. o6ofe; 
| _ Goo 
G, o6—- > 3 
6) ycmoBHe paBHOBecuA HapyxHOro oO6o7a 
Ly, = (0 cos a — °t sin a) R,, (VITI.58) 


roe Ry — pamuyc Koeca; 
 & — YFoul-M@exKIy OCAMH C ur.npHr.— R;; 
B) yeOBHe paBeHCcTBa paqvannAnX NepeMelleHHH JOMACcTH H. o6ona | 


o COs & — — 8¢ sina = —~ (J, cos @ ++ Up Sin), (V LI. 59) 
re v — MOaTJIHBOCTb HapyKHOTC o60na. 
a Ri 1 /v , sinvcosv 1]. 
; = ter las (+ 2 ') — 5 . 
3iecb J —- MHHUM@JIbHbIH MOMCHT HHEplHH CeveHHA o6oa: 


2m 
v=; 


r) yCJIOBHA 3aeJ1KH HH2KHEFO KOHILa JONacTH B O60] 


0, = 0; (VII.60) 

0, = 0; (V1I.61) 

6, cosa — 5 sina = RQ,; -(VIT.62) 
0. = —BL,, (V1I.63) 


p= 7, ("= |) 


Vingexc T B bopmyse (V 8 63) ykasppaeT Ha TO, uTo L HanpaBlena Ka- 
caTeJIbHO K O6o7y. 
| Buipakasn B ypaBHenuax (VII.58) u (VII. 62) BeENMUHHbI NepepesbIBalolllHx 
CHJI, MOMeHTOB, YrOB NOBOpOTa H MepeMenleHHi Mpu s = Ss, Yepes HX 3Hate- 
HHA pH Ss = 0 M3 ypaBHenui (VII.52)—(VII.55), NOWYYHM Nocse mpeo6pas3o- 
BaHHH CHCTeMy YpaBHeHHA Jad ONpeéAeeHHA MPOHSBOMbHbIX MOCTOAHHBIX 


Lop. Lon: Log, Vox, Yon: Vor: | 
Ay Loe + Qy2Lon + Aiglog + YirVoe + BiaYon + F18V0g + dy = 9; | 
Gay Log + Aaalon + AeaLog + DaWog + 522% + Besog + de = 0; 
Agi Lop + Agglon + Asglog + VgWor + bon + Bgg0o + ds = 0; 
Agi Loe + Ago Lon + Aga hog + BgiVor + DyWon + Dyson + d,= 0; 
Lon + bsr0y + bsatog + ds = 0; 
Yon, = Co. J 


(VII.64) 
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3yecb MOCTOAHHbIe KOIpPuLHeHTHI a; 
JlaHHOH Harpy3KH HW TeOMeTPHH CTepxKHA. 

TloxctaBsAd NOuyyeHHbIe H3 pewmieHHa cucTembl (VII.64) nmpon3BobHbe 
MOCTOAHHBIE Upp H Ap. B POPMyVIbI (VII. o2) u (VII.53), MoxHO onpeqenHTD 
Bce KOMMOHEHThI BHYTPCHHHX YCHJIHH H MOMEHTOB, HeficTBylomHx B J1060M 
ceYeHHH JOMmacTH. 

CocTaBJIAIOWWe BEKTOPOB MOMEHTGB H YCHJIMH OTHOCHTEJIbHO IJlaBHbIx ocel 
HHEPUHH X HY KaxkOro CeYeHHA HAXOAATCH NO POPMy.1aM AVIA MpOeKWHH BeK- 
TOPOB. 

CymMapHble HanpaxeHHA B TOUKE C KOopAHHaTamn Xu y OyyT onpeje- 
AATbCA TO Mopmye 7 


izr OG;, d; ABNAIOTCH MYHKILHAMH 3a- 





may at + 44 +. __(VII.65) 


[Ipu pacuete wemecoo6paseH ceqyioulHH NOpAAOK BLIYHCJIeHHH: Ha OCHO- 
BaHHH TeopeTHyecKOrO YepTexKa WONAaCTH HaO MpoHsBecTH NocTpoeHHve OcH 
CTe€pKHA, KOTOPbIN H306paxKaetcsa B BHC OTPe3sKa NPAMOH HM YaCcTH Ayu Kpyra 
paguyca R (puc. VII.21). Ocb crepxHA npoBogUTcA Yepe3s WeHTp TAKEeCTH 
ceueHHH JIOMAaCTH, COMPATaIOulHXCA C BHYTPCHHHM:H HapyXHbIM OOOAbAMH. 
B KaxkKOM CeYeHHH JOJIXKHbI ObITh ONpeyeseHbl TeOMeTpHyecKHe XapakTepu- 
CTHKH JlOMacTH — KCCTKOCTb Ha H3rHO WM Kpy4eHHe MW 3aKpyTkKa. 

JIA yBeHYeHHA TOUHOCTH pacueTa OCb CTepxKAA CeMyeT PasOuBaTb Ha 
6ObwI0e KONHUeCTBO yuacTKOB. Ha OCcHOBe reOMeTpHueCKHX XapaKkTepHcTHK 
HCXOJHbIX CeYeHHH MOMKHO OnpenemmTh A = A (s), B = B(s) u C = C (s), 
BXOAAIHE B BbIpaKeHHe, ONpeserAioMlHe O. 

Jianee MOACYHTLIBaeTCA HHTCHCHBHOCTb Harpy3KH OT WeHTP OOCKHEIX CHI 
gq = q (Ss) AA pa3HbIxX ceyeHHH , | 


q(s) = R(s s). (VII.66) 


TlpoekwHH HHTCHCHBHOCTH Harpy3kuH g-(s) Ha ocw &§ uw € paBuHbl: 


2 . 
9, = TF R(s) cos@; 
* (VII.67) 
in ‘ 
= GK (s) sing, 


rye @ — yrou Mexjy ocblo R wv §. JlaitbHetuiMi MoAcueT MHTerpasoB, BxXoJA- 
WUX B KOSqxpHIHeHTHI a,;, 6;;, dj, W BbMHCTeHHe CaMHX KOSGPHUMEHTOB Cse- 
ayeT Mpow3BOAHTb B TaGmHuHOH dopme. MuTerpupoBanue cieryer ocylle- 
CTBJIATb YMCNECHHO NO npaBHsy TpaneuHh. Tugpapmuueckue Harpy3kH, JeH- 
cTBy10nIHe Ha JOMacTb, MOAKHO ONpeleAATh CHERYIOUMM NyTeM. 

_ Tlomaraa norok B pa6ouem Kosece payquasbHO-OCceBOH Ty pOuHbI NOTCH ab- 
HbIM HJIM PaBHOCKOPOCTHBIM, NpH KOTOPOM H3BeCTHbI paciipekeieHis MepHHO- 
HaJIbHbIX CKOPOcTeH B MOTOKe, B COOTBETCTBHH C 3€KOHOM MOMEHTA KOVJIHUeCTBA 
JBH2KCHHA, MOMEHT BSAHMOJeHCTBUA PalHasIbHO-OceBOro paboyero KoeCca C NO- 
TOKOM BOJIbI BbIpawKaeTca PopMy.10H: 


| Me =F @aRi— aR), (VII.68) 


rye G — BecoBoH pacxoq 4epes TypOuHy; 
Uy, H Uy. —iMpOeCKWHH aOCOAINTHOH CKOPOCTH Ha OKpy2KHble HanpaBwie- 
‘HHA Ha BxXoje MH BbIXOMe Cc MOMacTeH paOboyero Kovreca; 
R, u R, — pauychbl COOTBETCTBYIONINX MOBepXHOcTeH. 
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Torga Hanop OyjeT paBeH 


H, = tant tant | (VII.69) 


Ecau mpefctaBuTb NOTOK B O6MacTH Kovleca cOcTOAILHM H3 CTpyeK C PaBHBIM 





pacxojoM G’ = *, TO MOMEHT, nelicTsyiounait co > eTOPOHL CTPyHKH Ha Koveco, 
6yeT paBeH 
M, = GHr 
ra) . 
HW Ha OAHY JoMacTb (pH z s1onacTed) / - 
GH, 
Mx. .= 2n® ° | oo (VIT.70) 


Tora okpyxHoe ycuuiHe, JeHcTByiollee Ha JONaCTb CO CTOPOHbI CTPyHKH 

MW MpPHJIOHKEHHOe B WEHTpe THDKECTH CCYCHHA BbIJCNCHHOH YacTH JOMacTH, OyAerT 

paBHo a 
GH, 

znoRcm ” 


Poa = (VIT.71} 


rhe Rem — PalMyc WeHTpa TAXKECTH BLILeNeHHOH YacTH soMacTH. 
MHTeHCHBHOCTh Harpy3KH, KelicTBy omen CO CTOPOHLI CTpyHKH TOKa Ha 
BLIJCJICHHY1O YaCTb JIOMAaCTH, paBHa 
’ GH, 
- Fea — ‘ZnoRemAS (VII.72) 
re As — Toma CTpyHku. 


IIpoekuuH BeKTOpa HHTeCHCHBHOCTH Harpy3kH Ha HeNOABHKHEIC ocH OyAyT 
paBHBI: 


' GH; sina 
Fee 4 = TnoRepAs 3 (VIT.73) 
Fe gg Cito & _(VIL74) 


znwoRemAs * 


re a — yout MexKy HallpaBseHHeM pafuyca B KaxKJOM TOUKe u ocBIO E. 
Kpome oKpyxxHoro ycHJIMa Ha JOMacTb jeficTByeT Take PalqvabHoe H 

ocepoe ycHJIHA. Eciu cnpoeKTHpOBaTb Ha palabHoe WH OCeBOe HalpaBseHHA 

YpaBHeHHe HMIIyJIbCOB, TO CyYMMapHOe yCHJIHe BbIPasHTCA 3aBHCHMOCTbIO 


G 
Oa = ang Om — ned + Masa — Hse a (VII-79) 


TA Upr MH Upe — MPOeKUHM CKOPOCTH 0 Ha OCb 1 y BXOJHOH H BLIXOAHOM Kpo- 
MOK JIA Kaa on cTpyHku TOKa. 
HivrencuBHOCT 3TOH Harpy3kH 


Py = ang On — Ona) + Has — He ae, (VII.76) 
Tle = Sg,_ S, — MOU aH TOPH3OHTAJIbHbIX MpOeKWHH yCe4eHHbIX KOHYCOB 
C O6pa3ylOUlHMH, pacnomaraloulHMUCA NO BXOJHOH HW BLIXOAHOH 
KPDOMKaM JIOMaTOK, OTCEMCHH BIX ABYMA COCeAHUMH HOBepx- 
HOCTHMH : TOKA; | 
H, « H, — coorpetcTBy1oujve aBsieHHA Ha 3TH MOWLaAH. 


359 


PamualbHoe ycHuHe, C KOTOPbIM CTpyfka JelicTByeT Ha NONacTb; 6yNeT 
paBHO 


F, — 2ng (Up ~~ U,2) + gs a HS, (VII.77) 


rqe = Sy HS, — MIOWant NM AMHApHyecKHX npoekunii yCeveHHEIX KOHYCOB 
- Cc oOpasylollluMH MO BXOAHOH HW BbIXOZHOH KPOMKaM J0MAa- 
cTeH, OTCCEYCHHbIMH JBYMA COCeEMHHMH MOBepXHOCTAMH; 
Uy H U,. — MpOeKIIHH CKOPOCTH UV Ha OCb r Y BXOJHOH H BbIXOJHOH KpO- 
MOK JIA KaxKJOH CTPyHKH TOKa. 
MHTeHCHBHOCTb 3TOrO YCHJIHA paBHa 


onto) Hae HM. (VI.TB) 


, G 
f= zngAs 


TIpoexwuu ero Ha Ocb Eu C OyAyT: 


Fy = maghs (On — ~ O72) cos a +- (Hae ark __ As ae ) cosa, : (WIL 79) 
Fre = ae (Ur1 — Ur?) sina — = (He A + A, Fra i) sina. (VII: 80) 


OKOHUAaTEJIbHbIe KOMIMOHEHTbHI HHTCHCHBHOCTH YTHApOWHHAaMHYeCKOH Ha- 
rpy3ku No ocam &, nu C OyAyT onpeyxenaTEcaA NO POpMy.iamM: - | 








6 PH, . i | 
Fy = znAs | ore, Sin & + (On — 2) cose| + 


-|- (Ha SL x | COS @; (VII.81) 
G | , : | 
= mats (On Ona) + Hage —He aes (VII.82) 
—G H ; r 
Fe= Sas lars cosa + — (v..— 0-2) sina] —- (nes —H x). (VII.83) 


Ilo mpHBezeHHbim dopmyviam (VI1.81)—(VII.83) onpegenenue Harpy30K 
H pacueT HallpaAxKeHHA B JIONacTH OFHOTO H Toro we paoouero Kovleca JIA 
NOTCHUWHAJIbHOTO H PpaBHOCKOPOCTHOrTO MOTOKa B 30He pa6oyvero Koveca moKa- 
3al0, UTO XOTA Harpy3KuH ObLIH NOMWyYeHI Pa3Hble, HallpHKeHHA NOTYYHHCh 
NpakTH¥ecKH OJMHAKOBBIMH. ITO CBHACTEIbCTBYeT, 4TO ‘HallpaKeHua B JIO- 
MacTH MaiO 3aBHCAT OT XapakTepa pacnpeneueHHnA cKopoctei. 


Pacuet o6o2a 


[Ipu pacuete paOouvero Kosleca onpeyeAIOTCA yYCHJIHe H MOMEHTHI Ji@HCTBy10- 
UiHX Ha BHYTPeCHHHH HW HapyXHbIh OOOJbI CO CTOPOHHI JIomacTteH. Kpome Toro 
OO6OJbI Harpy KeHbl WEHTPOOeKHHIMH CHJIaMH HW NepenajyoM aBJIeHHA. - 

Jia Kaxkoro ClyuaAt Harpy3KH MOKHO ONpeeIHTb HalpAxKeHHe B 060- 
Wax, a 3aTe€M HX CKJlaqbiBaTb. [lopxaoK pacueTa O6o0]beB cJ1eXyIOWHH. 

Ha Hapy2XHbI O60], CO CTOPOHBI JIoMmacTeH eHcTByeT CHCTeMa CKPy4HBalw- 
U{HXCH MOMEHTOB, BEKTOPbI KOTOPHIX HallpaBJIeHbI 110 KaCaTeJIbHOH K OCH O6O/a, 
H CHJI, PaCTATHBaIOWlHX HW H3rHOalolllHX OOOAbeEB, 


M — —L, HM T= oO a 
Kpome 1 Toro, Ha - o6on neficrByer cucTema MoMeHTosB M, = —L n> BEKTOPbI 


KOTOpPbIX TapaJVJI@JIbHbl OCH Ty pOMHEI, H eHTPooexKHan cna, BosHuKaiomlaa 
H3-3a BpalleHHA CamMoro oO6oJa. : oo, 
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 HanpsaxeHua-B o607e OT LeHTPO6exKHBIX -CHJ OlIpezemAIOTCA “NO PopMyvie 


__ RepGw? R7¥T. 
rie @ — YIvJIOBaA CKOPCCTh BpakieHHA KoseCca; 
Rep — CpeHHK pagnyc ooo7a; 
G — Bec o6on7a; 
F — niomaib ceveHua o6ona. 
 HanpsxeHua OT MOMeHTOB, CKPYy4HBaIOWlHx O601beEB, onpelenAiorca Mo 
bopmyze Kpy4¥eHHA KOJIbILa (91] 
} Mnh 
= VIL. 
o= Ty” (VI1.85) 
re h — Bpicota o6o0jla; 
J max —- MAKCHM@JIbHEIM MOMCHT HHepIHH CceyeHHA oGona; 
n — 4nCcIO JONacTeH. 

HanpsxKenua B oO607e OT BOSeHCTBHA palMabHBIX CHI nony4aiores 43 
(opMyJ JIA KpHBOrO. 3aMKHyTOro Opyca. B ceyenun y JIonacTeH u3sru6aionmlue 
HanpaKeHna OyAyT paBHer 

TRepb 
o= = 0, VII.86 
12J min ( ) 
rye 6 —.cpequan TommHHa o607a; 
J ain —— MHHHMAJIbHBIN MOMeHT HHEpLHH ceyeHHaA oO6o0na; 


B ceyvenuu MexKAy JOMacTAMH HanpsxKenuA OyLyT paBHbl 


TRepb_ | 
O= aye 8 (VII.87) 


- Pacrarapawmue HalpaAKeHHA B o6oze, BOSHHKalOlkve H3-3a HaIHUHA 
cHabt 7, 6yAyT paBHbl 


i FF} 
Oo o°F sind’ 
rye | | | 
T = — (0, cose + 0; sin @). (VII.88) 


HanpsxKeHua B O60 OT MOMECHTOB Ly, MOXKHO NOJCYMTHIBATh NO cop- 
mysie [90] 





Lo na. | n 
o = BH” | 0,3183 cosp" Y} sin 8 — sin f’ Y} cosi® + 
min 
| : _ f=] : i=1 
+> x (1 —- ‘)- it . (VII.89) 
| i=l 
rie B’ — NeHTPabHEI yPou, OTCUHTHIBAeMBIK OT MeCTa On RE JOMACTH 


u o6ona; 0< Bp’: < 0... | 
BuyTpeHHuh o601 nosBepraetca Harpy3Ke « oT Beca sonacteit, ‘aBjenna 
BOAbI H OT HeHTPOGCHKHEIX | CHJ. . Bananus nNOcJIeHHHX N1pH HOPMabHBIX o60po- 
TaX HeBeIHKO. 
 YcHANA, JehcTByIollHe Ha BHYTpeHHHit 060] CO CTOPOHBI jlonacteit, mp4: 
BOJMTCA K CHCTeMe YCHJIHH H MOMEHTOB, ‘KOTOpble B COBOKYMHOCTH ¢C peakIHAMH 


OT OONITOB Paha Basa CKpyuMBaloT O60R. HanpsaxeHHA, BOSHHKAIOMHe pH 
KpyueHHH BHYTpeHHero O6ofa, ONpeszematoTca no Popmy.1e 


— 
Mly—— 
_M(y—7) 
9 3 
, (n m 4 1 oF oho | 
l 2 ly 
rye y- ~ KOOPAMHaTa pacueTHOH TOUKH, OTCUHTEIBaeMan OTHOCHTeABHO TIpu- 


HATOH OCH; 
r — pagnyc pacueTHoit TOUKH, OTCUHTLIBAeEMOH OT OCH TYPOHHHI; 





o= (V1I.90) 


le 
— $291 GY. 
00 [=2 | - adr; 
bbe - 1. | w.t 


re 


Y y: 
m= (aos dr: 


rs 


Puc. VII.22. Smopa xa- _ 
NpsxKeHHA WONacTH pa6o- a a 9 \ Yo — 


qero Kosleca ar; 





1 oF ghs 





— YUHTbIBaeT YMpOUHAIOUIee BJIHAHHE COeCMHEHHA BHYTPeHHeIO 


o6o7a WH dPilaHila Bawa; 
No — KOJINYeECTBO OOJITOB; 
F,—Mnwlowlaib CeYeHHaA OoTa; 
h,—paccTonHue OT kpaa dana moO oOcH pacnonomeHua Oon- 
TOB COCIHHCHHA pa6oyero kKoyleca Cc BaJIOM; 
/,—nowlHaa JwMHa GonTa; 
M — u3rn6aroului MOMeHT, JeHCTBYIOUIHH B paCcCMaTPHBaeMoOM CeYveHHH. 
Mujexc | OTHOCHTCA K HHXKHEH CTOPOHE BJICMEHTAPHbIX MIPAMOYFOJIBHHKOB, 
Ha KOTOpble pa36uTO ceyeHHe o6ofa, HHAeKcC 2 — K BepXHeH. 
Bpiiliev3JIO2KCHHbIM MeTOJOM Ha JIM3 nponsBo_Mca pacueT pxyza pabounx 
KOIeC H COMOCTaBJICHHe PaC¥eTHHIX SMIOp C 9KCIIYaTawHOHHbIMH JlaHHbIMH, 
NOJYYCHHbIMH MPH HCMbITaHHH HaTypHbIX TypOuH Ha TOC (puc. VII.22). 
OTH JaHHble CBUJCTeEJIbCTBYIOT O XOPOMIeEM COBNAaeHHH paCYeTHbIX H_ SKCTIe- 
PHMCHT@JIbHbIX JAHHbIX MIpH pacueTe HalpAKeHHH OT WeEHTPOOeKHBIX CHI. 
B pe3yabTaTe aHamwu3a pacueToB pa3JIHUHbIX KOvieC MOMKHO CleaTb ce- 
nyroujHe BbIBOAbI. TIpH HOpMaJIbHbIX Pe@2KHMaX MHHHMAJIbHbIe HallpAKeHHA 
BOSHHK@I0oT B MeCT&aX CONpAxKeHHA MONacTeHh C HapyKHbIM H BHYTPeCHHHM 
o6o7baAMH. [Ipu pa3roHHbIxX pexKHMaX MAKCHM@JIbHbIe HallpAKeHHA B 3aBHCH- 
MOCTH OT XKECTKOCTH Hapy2KHoro O602a MOryT HMeTb MeCTO Kak B Ce4eHHH 
CONPAXKeHHA JOMacTeH c O6OJbAMH, TaK HW B CpeyqHeM ceyeHHH JonacTH. Uem 
9Ta@ XKECTKOCTb ME@HbIe, TEM OOJbWINe HalpAxKeHHA OYAYT B cpenHem ceye- 
HHH JOmacTH. ~ 
B HapyskHoM o6ojJ@ NpH HOPMaJIbDHbIX Pe@oxKHMaX HalpAXKeCHHA HEeBEHKH, 
BO BHYTPeHHeM OOOJe HallpAKeHHA HEBEIMKH MPH HOPMAJbHBIX H Pa3slOHHBIX 
o6opoTax. 
-YpenvyeHHe KOHYCHOCTH o6TeKaeMmoit noBep XHOCTH BHYTpeHHero KOHyca 
IPHBOAHT K KOHIeCHTpalkHH HanpxAxKeHHA Ha BbIXOAHOH KPOMKe jonactTeh 
y o60fa HW K pasrpy3Ke BXOAHBIX KPOMOK. 
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5. PACYET BbICOKOHATIOPHDBIX PABOUHX KOJIEC 


MetTox pacueTa Ha OCHOBe TeOpHH cCTepxHeH WaeT yOBMETBOPHTeJIbHbIe 
pe3sybTaTbl, COBNaawulve C SKCHEPHMECHTA/IbHLIMH JAHHbIMH MJIA CpeqHeHa- 
nopHpix (Hf = 100 m) komec, HMeIOULHX OTHOCHTEJIbHO BbICOKHE JIOMACTH C He- 


(B05 ; 1760 


6oulbuioh Hx AaIHHOH. IIpu aw . 
repexone K Se MeMM 200g 2080 
HbIM KOWIeCaM, HMe@IOILHM 
He6OJIBINYIO BLICOTY JIONACTH » 
ui OO bLIy!o WIHHY, YKa3aH- 
HbIH MeTOX faeT OovrbutHe 
nOrpelHocrH. 

KOHCTPyYKUHA  BbICOKO- 
HanlOpHbixX paOouHx Kowec 
HH3KOH ObICTPOXOJHOCTH 
CXOMHa C KOHCTpyKi\HeH pa- 
604HX KOuIec LEHTpOOeKHEIX | 
Hacocosp (puce. VII.23, a), | 
MNOSTOMY JIA pacueTa HX Ha 
MPO“wHOCTh MO2XKeT MpHMe- 
HATbCAH MeTOX «AByX pacue- 
Tos» [92]. IIpu stom metoze 
HapyXHBH o608 pabeouero: 
KOeca pacCcuUHTbIBaeTCA Kak 
CBOGOZHO = BpallaloulHiica 
AHCK, @ BHYTPeHHHH o6o0n 
PaCcCUHThIBAeTCA C Yy4eTOM 
WeHTpOOexKHbIX CHI Jloma- 
TOK. B 93TOM cayyae aA 
yYIpOuleHHA pacueTa cuuH- 
Taior, 4YTO Macca JonmaTOK Puce. VH.23. K pacuery pmcoKkOHanOpHorO. pa6Oouero 
HenpepbIBHO paciipeyemer- Koueca ncaa THIa 
cA m0 60KOBOH NMOBepxHO- _ | : | 
CTH, 3aHATOH JIOMAaTKaMH. CreqopatTenbHo, BHYTPpeHHHH O60 HeceT HeKO- 
TOPylO IIpHBeeHHY!O MaCCy NepeMeHHOH TOMMHHE, HH «OOKOBylO Harpy3kKy». 
_ Jlonacru paGouero Kowieca paccunTEIBaloTcA Kak OakKa, Jlexalllai Ha OM0- 
pax, HarpyXeHHaA NO KOHWaM paBHOMepHO pacnpeyzeseHHOH Harpy3kon. 
Hye IIpHBOAMTCA NOPAAOK STOO pacueta. 


O6on 


Jia HeKOTOpbIX opm O6osbeB NOCTOAHHOH TOJUHHEE H KOHHYeCKHX Ip 
OTCYTCTBHM OOKOBOK Harpy3KH HallpAKeHHA DIA MOOOTO pawnyca fF ABAAIOTCA 
JIMHCHHBIMH (YHKWLHAMH OT HallpsAxKeHHA O,, H O;. ECAH H3BeCTHBI HalipsaxKe- 
HHA PpalHasibuble O,, H KaCaTeJIbHble 0; AA KaKOTO-1HO0 panuyca Ty, TO JAA 
m1060ro pamuyca- Yr MOKHO -ONPeNeJIHTb O, H O;: 


6, = 4,0, +0, + aT ys | 
= Bo, + Bo, + BT. 
Ip 60KoBoH Harpy3ke: 
Of == 2,07; -- & 4082 acl ag 7 


01 = B-G,2 + BrOgs + BeT a; | — (VIT.92) 


YD nn \2- 
T= (<300° 7300) , 


91240 41070 _ dh 520 





(VII.91) 
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re a; a@,; a; B,; 
Bes Bes %e3 Be — KoahpunenTHt; 
D — yvametp KoOvleca B MM; 
fn — 4HCO OGOpOTOB B MHHYTY; — 
Tq — CooTBeTcTByeT AHameTpy d (OHOMY KOHycy). 
B COOTBETCTBHH C STAM IIPHHHMaeTca CleLYIOulHH NopAAOK pacuera o0oya. 
1. O60u pas6uBaetca Ha px yaacTKoB mpocteluteli KOHMYeCKOH opMbl 
NOCTOAHHOH TOJULMHEI (Ha puc. VII. 23,6 B KayecTBe NpHMepa MpHBeeHbI 
pa3sMepbl AHamMerpos O,, H Deux). 
2. [[pu nepBom pacuete, korga 0604 Bpalilaetca, 3aaloTcs. I PpOH3BO/IbHLIMH 
KaCaTeJIbHbIMH HallpaAxKCHHAMH Ha BHYTPeCHHEM ZHaMeTpe o60)a O,,, MpHHHMaA 


0, = 9, HaxoaaT HalipaxKeHHA B Hayae HM KOHWe KaxoroO yyacTkKa, 


B YWaCTHOCTH HeKOTOpBEIe PaaHaclbHble Hall pxAKCHHA Co, vd ‘Ha BHeLIHeEM ANamMeTpe 


Kovleca. 
3. IIpH BTopom pacuete, Korda 0604 HeNOABH2KeH, 3afaloTca HEKOTOPEIM 


IIPOH3BOJIbHBIM KaCaTebHbIM HallpAxKeHHEM O,, HU, MOMaraax, 4TO oO, = 0, 
HaXOMAT HallpaAxKeHHA O, HO, B Hauae H KOHIWe Kaxk0ro0 yaiacrka Hy, B wact- 


HOCTH, Ha BHeIIIHeM qMameTpe o6ona 
4, OnpesesatoTca MaKCHMAJIDHBI€ KaCaTe/IbHble HanpaXKeHHA B AHCKe 


Ci) = Or — P04; (VII.93) 
ry7e 


5. Yrounsorca: BeIMGHHEI HanpaxeHHA.. Ecan Tommuna o6ofa pesKko 
MeHAeTCA OT -TOANIHHDI b 70 -TOmMMMHE! b *, TO HanpsA»xKeHHA B ceyeHHH D* 
OyAYT BLipakaTbCA Yepe3s HallpAxKeHHA B CeyeHHH 0 -CJIeXYIOULHM OOpPa3oM: 

a 
0, = Fr Fr 


o,=0,-+p (o —o,), 


rye p — Koappuuvent [lyaccona. 


6. Onpenensiotca Koappunnentst a,, a, Br, Br, Oc, Bor Be, Bo: 
a) JIA yuactTKa Q602a NOCTOAHHOH TOJIMLHHbI 


a, = By = 0,5 (1 + x); 
a, = 6, = 0,5 (1 — x); 
— —220 ( See ity 1b xt); 


(VII.94) 





4 


p, = —220 (+E ith _ toe x‘), 


dD, . Pe] 
rae x = = (D, — ucxoguiit auametp; D — rexymuii quamerp); a MHOxKH- 
Tenb 220 cocTaBaer z 
= 7,85-103: 
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o?r? npx D = 1000 um, n = 1000 06/mun uw y = 


6) Win KOHHYCCKHX AHCKOB C 6GOKOBOH Harpy3Kon: 
A =a +ah; 
B. = B.a + B;h ; 





rae 
Den xS Dexs 
a’ — l + BbLX ex BX BOIX : 
Deux ~~ Dex 
S — § OL 
py! — LSeox — Sex) & Seux = y » Sox == 
Deux — Dex Dewx? bex 
> of | D | 
Kospunnentu a, Bi, a, a, B, B, aBamorca hyHkuuama t =-—~ un 


i, = es H HaxOmATca H3 rpapuKos (puc. VII.24), 





Dex 


bex — Seeix 


d= D +- (Dox — Dex)- 


[IpupeqeHHand TOUHHa GOKOBLIX Harpy30K OnpekesseTcA 10 dopmyute 
bbz (VII.95) 


y= 2nr sin B ” 


The b — WHpHHa NONacTH Ha pagnyce 7; 
6 — TOJWIHHa JIOoMacTH Ha paguyce r; 
z— 4ncO wAONacTeH; 
SB — yroJ Mexkiy OTHOCHTCADHOH HW NepeHOCHOH JONAaCcTAMH. 


JlonacTb paGoyuero Koueca 


JlonacTb pa6ouero KOuIeca Harpy»keHa COOCTBeHHbIMH WeHTpoOexKHbIMH 
CHJlaMH, peaKUHAMH OOO7beB H WaBsJIeHHeM BOAbI. PacueT WomacTH, TaK Ke Kak 
H BHYTPeHHHX O600B, BeAYT Ha CJLY4aH Pa3sroHHblxX OOOPOTOB. 

Tlopagqok pacueta JomacTH CAeNyIoulMH: H3 NOMAaCTH BbIpesaeTCA J/IeEMeHT 
mupHHon 1 = | cm. Ero npeanonaraior 3afaHHbIM MO NJIOCKOCTAM AHCKa HU 
o6oya. IIpene6peran KpHBu3HOM HW BBeIA CpesHIolo WIMHy deMeHTa D, Moy- 
4HM OaJIKY C XKeCTKO 3a eJIAHHbIMH KOHIWAaMH, HarpyKeHHylO paBHOMepHO 
paciipeyeyeHHou Harpy3kon. Harpy3ka oT WeHTpOOeKHEIX CH, IPHXOTAWAACA 
Ha CAHHHILYy JJIMHbI 9IeMeHTa, OyzeT 


g= 7 Sro?, (VII.96) 


rye 6 — TOMMHHA JIOMacTH, CUHTaeTCA NOCTOAHHOH NO AIHHe 3/1eMeHTA; 
rf — pauyc WeHTpa dJ1eMeHTAa; 
® — yIJIOBad CKOPOCTb BpalleHHA Tosca. 
PackjlafbiBaeM CHJy g Ha cocTaBuJalouHe (puc. VII.23, 6); g, (HOpMaJIbHy!0 
K NOBePpXHOCTH JIoMacTH) H g; (KaCaTebHY!IO K NOBepXHOCTH JlomacTH) 


Gn = + dor cos B. — (VII.97) 
Tak Kak H3rH6 OT CHIBI g; GyeT HEBeEIHK, HM MOXKHO MpeHeOpeyb. 


MakcHMaJIbHBIH ~H3rH6aioul\WH MOMeHT B CpeHeM Ce4YeHHH 3JIeMeHTa OT 
CHJIbI g, 6GyeT paBeH 


M, = Me b*r cosB. (VIT.98) 
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PacueT BeyeTcA NO H3rHOalolleMy MOMeHTY B cepegHHe JIOMaTKH, re OH 
B Ba pa3a MeHbIe, 4M B MeCTaX 3ayeIKH. Takoe JonymeHHe O6yCAOBseHO 
TeM, 4TO B MECTAX 3aJe@NKH JONaTKa NOAytaeT yTO/MeHHe. 
IIpu MoMeHTe CONPOTHBJICHHA 


16? 3? 


V=—=-> (npx l=); 
HallpAxKeHHA B CpeMHeEM Z/IeMeHTe Ha payuyce r OyAyT 
b* 0,022 2 
= Baar rcosB = 5 (<o5y) b*r cos. (VII.99) 


CrelopaTesIbHO, Halps*KeHHA B AONaTKe MpONOpluOHaIbHbI KBaypaTy wc1a 
O6opoTOB HW KBapaTy ee IMHPHHbI HW OOpaTHO NpOMOpUMOHaAAbHb TOMUMHE 
qomaTKH. Hanps2KeHHaA B Hapy2KHOM o6ose He NOACUHTHIBAIOTCH, TAK KaK OHH 
B HEM MeHbille, 4M BO BHYTPeHHeM oOGo/e. 

IlpHpenleHHbI MeTOX HCNOb3yIOT AA pacueTa kKoseca, H306paxKeHHOro 
Ha puce.. VIT-23. 

OnpeyeneHHe OOKOBOH Harpy3KH MpOH3BOAHTCA B COOTBeTCTBHH c dop- 
MysoH (VII.95) aa pasHbIx paquycoB AHaMmetpos (Ta61. VII.2). 

Ta6auua VII.2 


SHa4eHHA PasHycoB H yrsaoB 








Or B CM 230 194 175 _ 7 115 
6 Bom 4,85 5,94 B87 | 5 | 5,03 
b B CM 25 | 28,4 32,8 | 3 5 | 40,5 
6 B epad 70 | 52. 45 | 2 ty 15 
sin B 0,94 0,788 0,707 = 0,358 | 0,259 
y BCH 4,1 8.1 | 11,3 «| 50 











aa BceX y4acTKOB, Ha KOTOpbie pa3OuT AHCK, ONpeeAIOTCA 3HaueHHA 
BCeX KOSPPHUHeHTOB (ra6.1. VIT.3). 
II[poH3BOAuTcCA MepBbii pacueT (BpaiilaroutHicna o60/). 
. Oro = 0; 


Ojo = 1000 xI'/cm? (ganee o Beiony B -KI/ca?). 
2. Op = A,Org + UOyy + CT y = 365 — 47,6 = 317,4 
On = f,0 r0. +- BeOzo + BT = 635 — 25 = 610. 


3.0, = 3 o, = 0,5-317,4 = 158: 


oO, = On +B (O n+ on) = 562. 
4. Of = OOr1 + 0404 + OT = 253 


O12 = £071 ++ BonB.T = 1075. 
5. o*, = 223; 0°, = 1075 + 0,3 (223 — 253) = 1066. 


t2 
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SUA PHuLrOeL 


6. 6-3 = @,0,9 + a0; + aT = 1,8-223 + 0,4- 1066 — 334 — 495: 
o,, = B.o*, + B,o7, +B, T =0,66-223 + 0,83- 1066 — 290 = 742. 


7. of, = “1a,, = 246; of, = 742+ 1 (0%, —,,) = 668. 
8. ie = 1,0-246 + 0,09-668 — 49 = 256; 
= 0,09-246 + 0,95-668 — 50 = 607. 


9. ne = 772 956 = 384; 0%, = 607 + 0,3 (384 — 256) = 645. 


10. 6, = 1,3-384 + 0,2-645 — 106 = 523; 
0, = 2,8-384 — 0,9-645 — 40 = 2010. 


ll. o,g = 1,3-523 + 0,2-2010 — 233 = 847. 
Bropou pacuer (moKkorouuiica 0602): 


1. 6,5 = 0; 0;5 = 100. 
2. 0 = = 36, 5; O74, = 63,5. 
3. oO, = 18,3; of, = 58. 
4. O,g = 41,2; Of. = 125,2. 
5. OF, = 36,4; oF, = 123,8. 
6. O,g = 115; Of, = 127. 
7. O°, = 57; 0,, = 110. 
8. 0,4 = 67; oy = 110. 
9. o,=100; of, = 120. 
10. 6,,== 154; 0, = 388. 
11. 0,6 = 278. 
B cooTBeTcTBHH c mopmyson (VII.93) koadbunneut m OyzeT paper 
O= a = 3,05. 


CneqopaTebHO, MaKCHMA@J/IbHbIe HanpaxKeHHA BO BHYTpeHHeM O6oxe 6yzyT 
paBHBI: 
O49 = Fy) — PO,) = 1000 ~— 305 = 695. 


40 

Hallpsa2KeHHA B IONAaCTH ONpeeAAIOTCA B COOTBETCTBHH c PopMyuion (VIT.99) 
npu B = 650; r = 80 cu; 6 = 4 cm; b’ = 35; 6” = 18:6 = V(b’)? + 
"(62 = V (35)? + (18)? = 39,4 cu; np = 750 o6/mun 


0, = 0,423-0,563-80- 1550 = 163. 


Hanpaxenus B Hapy2KHOM o6ofe He NOACUHTLIBAaeTCA, TAK KaK OHH B HEM 
MeHbille, JEM BO BHYTPeHHeM o6ose. 


6. YAJIIOTHEHHA OBOAA PABOYETO KOJIECA 


Jia YMeHbILNeCHHA OOBEMHBIX NOTepb H3-3a MpOTeyeK BObI NOMHMO JIOMacTH 
KOvleca H, COOTBeETCTBCHHO, YBEIHYCHHA K. Il. X. TypPOHH OOBIMHO NPHMeHAIOTCA 
naOHpHHTHble yiuoTHeHHA. B 3aBHCHMOCTH OT Hallopa MpHWMeHAIOT pa3HBIe 
KOHCTPYKUHH YNVIOTHeEHHH. 

Alia MaJIBIX HM CpeAHUX HaNOpoOB yMJIOTHEHHA BbINOAHAIOTCA B BUe Napbi 
KOJIelL, CO3QaIOWlHX y3kylo Web. IlopepxuHoctu wWelu MOoryT ObITh rilaqKHMy 
HH C KaHaBKaMH. 3a30p MeXY KOJIbILaMH BbIOMPalOT MHHHMAJIbHO BO3- 
MO2KHBIM. 

Jina BbicoKux HanopoB. YNJIOTHHTCJIbHbIe KOJbWa BbINOJHAIOTCA B BHTe 
rpe6eHyaTHIx Kosei c BEICTYMaMH HW BUalMHaMH, BXOAAILHMH Apyr B Apyra. 
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Ha puc. VII.25, a noka3aHa KOHCTPyKUMA WleMeBOTO YNJOTHEHHA HY2KHETO 
H BepxXHero OOOAbeB KOJIeCa pakHasbHO-OCeBOrO THMa AA CpeHHX HAOpoB. 
Ha o604 Hajerbl ynuOTHHTeAbHbIe KobUa 2 uM 4, . HMeIOWHe KOVJIbILeBLIe 
BhITOUKH. ConmpsAxKeHHble WH HeMOJBHXKHMIe KOJbila 3, yCTaHaBHBalomHeca 
B Kpbilke TYpOHHbI H Ha HHKHEM (PyYHTAaMeHTHOM KOJIbILe, TOKE HMECIOT aHa- 
JIOrH4HbIe BLITOUKH. Ha puc. VII.25 nokasaHa y3kaa menb, wepeqyloulanca 
€ PaCHIHPeHHbIM IIPOCTPaHCTBOM, OOpa3SyeMbIM BbLITOUKaMH YIWIOTHHTEJIbHbIX 
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Puc. VII.25. Ulenepoe ynaornenve o602a cpeqHeHanopxHoro pa6bo- 
yerO KOsIecCa PajHabHO-OceBoro THIa 


Kove. Jia ynOTHeHHA, HMeloulero AMamMeTp 5000 wm, mMpHHa y3KOH We 
IIpHHATA paBHOK 2,5 mM, a PaCLIMpeHHasd 4wacTb HMeeT mMpHHy 100 mm u BHI- 
coTy 40 mm (puc. VII.25, 6). 

Uepezopanne y3KOH Ie C KOJIbILeBbIMH BbITOUKaMH IIPHBOJUT K COOTBET- 
CTBYIONIEMY YepeAOBAHHlO NioWazeH ceyeHHH KaHawa, NO KOTOPOMy IpoTekaerT 
BOJa, UTO YBeEHIMBAeT FHAPaBJHYeCKoe COMPOTHBJeHHe H YMeHbillaeT pacxoy 
BCJICICTBHeE BHE3alIHOTO pacliHpeHHA MW CKAaTHA NMOTOKA. 

IIpneyepep yKa3bIBaeT, 4TO BLITOUKH B WesIeBOM YIJIOTHEHHH Hao BBI- 
NOMHATb BOCTaTOUHO y3KHMH. IipH wHpokoH BbITOUKe sdxpekT yNOTHeHHA 
MOKCT YMCHDINHTbCA. | 

Ha puc. VII.25, 2 noka3saH rpaduk NayeHHA DaBJIeHHA B WIN C KaHaBKOH 
H 6e3 Hee. JIuHua AB cooTBeTCTBYyeT NaweCHHIO AaBJIeHHA B riaq{KOW WeH. 


JIunna ACDB cootsetcTByeT MaxeHHlo WaBeHHA B Wen c BEITOUKOH. H3 
pHCYHKa BHJHO, 4TO, eCCJIH WHPHHa BLITOUKH MpeBsolAer wHpHHy CD,, To 
qapnenHe MOKeT jake yBelMuMTRCA, YNAOTHEHHA C AByXCTOPOHHHMH 
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BbITOUKAMH, KaK yKa3aHo Ha puc. VII.25, 6, Gomee asddbeKTHBHEI, 4eM C OJHO- 
CTOPOHHHMH (puc. VII.25, 2). a 
Hag o60f0M Kovieca paciosoxen Aepiektop. Boda, npoHuKaa Yepes 3a30p 
o6oza mo pasrpy3souHOH Tpy6Ke J, mpoTekaeT 3a paOouee KOVIeCcO B OTCACHI- 
Barollylo Tpyoy. | 
Ha puce. VII.26 noka3aHa Apyraad KOHCTPyKWHA yHIOTHeHHA JIA Gomee 
BLICOKOHaNOpHoro Koseca (/7 = 200 m). Hapyxuplt QuameTp BepxHero HU 
HW2KHerO OOOAbEB YIVIOTHAIOTCA TaKHMH YIMJIOTHHTeJIbHBIMH KOJbIaMH J, 
2u 7 u 8, CO32aIOUIHMH JJIMHHY!IO y3Kyl0 Web. Kpome Toro, Ha HHKHeEM H 
BepXHeM OOObAX Ha MCHDbINeM payHyce YCTaHOBJICHb] NJONOJIHUTeMbHbIe rpe- 
OeHuaTHle yIVIOTHHTeJIbHbIe KObILa 3, 4H 5, 6. B sTOH KOHCTPyYKILHH HapyxHOe 
KOJIbILO CO3aeT OTHOCHTEJIbHO JJIMH- 







i 2 $4 Job, Hy!lO Ileb, a rpe6eHyaToe ymJoT- 

y SSNS vey HeHHe HMeeT cpaBHyrenbHo He6O.Ib- 

ON Nis AY g Y ily!0 BbICOTy rpeOHeH. B o6oe ko- 

| | EW | weca mpeqycMoTpeHo oTBepctue 9, 

i JIA OTBOXAa NpOcounBUeHCcA BODHI 
t B OTCACbIBAIOWLy!IO Tpyby. 

-8 ‘Ha puc. VII.27 noka3aHa KOoH- 

CTPYKUHA YNNOTHCHHA BbICOKOHA- 

| rae W nopHoro pa6ouero Koneca (H = 

= NSN = 300 mm) c rpeOeHuaTbIM pe3sb6o- 

DD : BbIM YIIJIOTHeEHHeM, HMECIONLUM rpec6- 

HH OTHOCHTe@IbHO OOJIbIUOH BBICOTHI. 

8°7 KoauyecTBo rpe6Hehi He6oupitoe 


(2 mr.). IIpH muamerpe' KkovJpila 

2000 mm ero BbICOTa paBHa 220 mum. 

lUupuna weau Bcero 0,5 um. B sTOH 

KOHCTPYKIHH HeNOXBHXKHBI€ KOJIb- 

Puc. VII.26. Jla6upuutHoe ynaornenue suco- HA 2 u 10 uMewr riaqKue rpeOuy, 

KOHaNOpHO TypOuHE (H = 200 #) a Bpalllaioulveca Kouba 4 H 9 Ha 

co | GOKOBbIX MOBePXHOCTAX HMEIOT BBHI- 

CTYNbI H BUaHHbI, UAyIHe MO BHHTOBOH JIMHHH, KaK MpuH pesb6e 
(puc. VII.27). Ilar pesp6n papeh 3 mm uM yrou 55°. 

JIpuMeHeHHe pe3bO0BOH NOBepXHOCTH AOMycKaeT MHHHMA@JIbHbIe 3a30PH, 
Tak KaK B CJlyuae KaCaHHa ABYX KOJell MPH BPaleHHH BBICTyNbI pesbObi Ha 
KOJbUax ObICTPO H3HOCATCA H 3aMpa Koec NpakTHuecKH He Oyzet. Kpome 
TOTO, pe3bO0BaA KaHaBKa, BbINOJIHeHHaA Ha BpalllalouluxcA KOJIbIWax, 3Ha4H- 
TCJIbHO YMCHbIUUaeT PacxoA BOA Yepes yNOTHeHHA. HanpaBsaeHve BHHTOBOH 
AHHHH JOJDKHO BbI3bIBaTb ABH2KeHHe KHAKOCTH, OOpaTHoe HalpaBJIeHHO Mpo- 
TeyeK. Kouba YNAOTHEHHH, OCOOeCHHO Bpalllaioijvecn, HEOOXOAHMO TILaTeJIbHO 
3aKpelATb GOTaMH 3 4 8 HM BHHTAaMH 6 H I] Ha COOTBETCTBYIOWUX DeTaJAx. 

Jia YMeHbIUeHHA YCHAHA, OTPbIBaIOUerO YMJIOTHHTeAbHbIe KOJIbIa OT 
CBOHX NOCafO4UHbIX MeCT, CeLyeT MpelyCMaTPHBaTb KOJbUeBy!O BLITOUKYy [4 
H pawvabHbe KaHaBKH 1/3, cooOialoujyve NOCaqOuHy!O MIOCKOCTb KOVJIbILa 
C 3OHOH MaJioro WaBeHHA 5 H 7. 

B paccMaTpHBaeMOH KOHCTPyKILHM JJIA WpewqOxpaHeHHA KDPbIUIKH TYPOHHHI 
H (yYHTaMeHTHOTO KOJIbILa OT H3HOCA TIpeAyCMOTpeHbl 3alllMTHbIe CTaJIbHbIe 
Kobia 1 uw 12, MaTepHaJiOM JIA KOel, CAYKHT YrlepOWHcTad WIM HepxKaBe- 
1OlaA CTaJb. - | 

OueHb BaxXKHbIM ABMACTCA BOINPOC O IpaBHJIbHOM BblOope BeJIMUHHI 3a30pa 
M@XY YMJIOTHHTeJIbHBIMH KOJIbILaMH. IITpu MaJioM pasmepe IleIH YMeCHbIMalOTCA 
IIpOTeuKH BOLI, HO BO3MOXKHO B3afeBaHHe kOe Apyr oO Apyra HW UX 
sanup. HeoOxoquMo y4HTbIBaTb, KpOMe TOFO, 3430p B NOAWIHNHHKe Bala TYP- 
OHHbI, UTOOLI BO BpeMaA paGOoTHi TYPOHHHI Ip OOKaTHIBaHHH Balla MO NOAUIHN- 
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HHKY He 6b110 Obl ONACHHIX 3aeBaHHH MaGHPHHTHBIX KOFen. Bel6op BeIH4YHHEI 
3a30pa AByX CM@XKHBIX JIA@OHPHHTHHIX’ KOJIeIL 34BHCHT OT TeXHOJIOrH4YeCKHX 
(bakTOpPOB. : : | Oo | 

JlOJOKHBI YUUTHIBAThCA PaSyMHble Pa3Mepbl AONYCKOB Ha OOPaboTKy OTAeb- 
HbIX NeTanel Ha HuMelolleMca O6opyxoBaHHH pu o6paborke Aeraneh. IIpu 
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Puce. VII.27. Jla6upHuTHoe ynnoTHeHHe BLICOKOHaNOpHon tTyp6uHH (H = 300 m) 


6OJIBLIMX Pa3sMepax YIVIOTHUTeJIbHBIX KOE, HHOF Za NPHXOAHTCA OTKAa3bIBaTbCA 
OT O6paOoOTKH KOel, NO HeE3ABHCHMEIM AOMyCKaM H, YCJIOKHAA Wpowecc MpoKs- 
BOJCTBA, MpOH3BOAHTb OOpaboTKy CONpAxKeHHLIX KOEI NO opMyJiapaM. 
Kpome Toro, B Ja6HPHHTHOM YIJIOTHEHHH BOSHHKAIOT NOTepH Ha TpeHHe O BOY 
BCJIGXCTBHE HaIHYHA Bpallaioujuxca noBepxHocteh. IlostomMy Hafo pH KOH- 
CTPpYHpOBaHHH JaOHPHHTHEIX yMJIOTHCHHH YUHTHIBaTb BbIHTpbIl B K. I. J. 
34 C¥UeT yYMeHbINeHHA OGBeMHHIX NOTepb H NPOHTpplll B K. 1. A. 3a cuer 
TpeHHA. 
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Tpe6opaHve O NOyYeHHH MHHHMAJIbHbIX 3430P0OB B YIMJIOTHEHHH AIA 
KPyMNHbIX TYPOHH TpeOyeT pelleHHA CJIOKHBIX TeEXHOJIOrM4eCKHX 3aqay WIA 
NOJYYeHHA CTPOFOH COOCHOCTH H ILWJIMHAPHYHOCTH COIIPAKeHHbIX eTaeH. 

[Ipu BEi6ope BeJIHYHHEI 3a30POB HeEOOXOAHMO YYHTHIBAThb PeaJIbHY!W OBaJIb- 
HOCTb OKPYKHOCTeH, BO3MOXKHOCTb JesopMallHH Aetaneh, GuveHHe Bawa, 3a- 
30PbhI B NOAMMMHNKe H T. 1. JlouKeH Take y4H- 
TbIBATbCA H BO3MOMKHBIH W3HOC yIVJIOTHHTeIbHbIX 
KOJIell, BeLyYWWHH K yBeH4eHHIO 3430poB [69]. 

B cBA3H C YKa3aHHbIM OOJIbIIOH HHTepec Mmpel- 
-CTaBJAeT KOHCTPyKILHA NOABHKHOTO yMJIOTHEHHA 
dupMpl «][OMHHHOH HHXKUHUPHHIo, paspaboTaHHan 
aaa TOC Bepcumuc. Cxema ero nokKa3aHa Ha 
puc. VII.28. B BepxHeM H HH)KHEM HeMOABYKHbIX 
KOJIbILaX HallpaBJIAloWlero annapata / u 6 UMeIOT- 
CH KOJIbILeBbIe Ma3bl, B KOTOPble BCTABJICHbI YIVJIOT- 
HUTeJIbHbIe KOJIbIa 2. [la3bl 3aKpbITH! MphHxKHM- 
HbIMH KOJIbILaMH 3. YWOTHHTEMbHOe KOJIbILO 2 IpH- 
*KHM@eTCA K 3allJIeUHKY B Mase 3a CueT TaBseHHA 
BOJbI Ha HapyXHy!O MOBeEPXHOCTb KOVJIbIIa. 

TlopepxHoctTu o604a wu Konmbua E u S o6pa3yrwrt 
MHHHM@JIbHbIM 3430p C HHXKHHM 5 UH BepxHuM 4 
o602baAMH Koseca. B caydae cCONpHKOCcHOBeHHA 
nmoBepxHoctTu E c o600M Kovleca OHA MOXKET CBO- 
60fHO OTOHTH B rayO6b nasa. CneqoBaTebHo, 
Ha3BaHHble YMJIOTHCHHA MO3SBOJAIOT OCYLICCTBHTb 
MHHHM@JIbHbIK 3a30p HW Jake JOMycKaloT BO3MOXK- 
4 HOCTb KOHTAKTa M@XKY BpalllaloulHMHcA H Heno- 

DM AAMEAII GEL JBHXKHBIMH TOBepxHoctTaMH. Ilo aaHHbim «JOMH- 

NONUO 7 YY HHOH HMHKHHHPHHT>, TaKve yJIOTHeHHA ObIIH 

: IpHMeHeHLI Ha TypOuHax 15 cdupmM Hu onpaBsalH 

WOTdeUUn Gap une cllomendon ceOa mocie HekoTopoH HamaykKH. K. Mm. A. HX 
| HHKHHUp HHT? “TIOBBICHJICA BCJIeqCTBHe yYMeHbUIeHHA MpoTevek. 

A. A. JlomakHH yka3blBaeT, 4TO B Hacocax 

BLICOKOrO JaBJIGHHA C OTHOCHTeEAbHO MaJOH MpOH3SBOAHTebHOCTbIO OObBeEMHBbIe 

NoTepH “epes YILIOTHEHHA CYLWIECTBEHHO BJIHAIOT Ha NOJHbIH KO I*pHUHeHT 

NoJe3HOrO JeHCTBHA, MOSTOMY CHHKeHHeE MpoTewekK JlaxKe 3a cueT IPHMeHe- 

HHA Ooee COKHbIX KOHCTPyKILHH HMeeT OoObIUOe 3HATeHHeE. 


twa 


Puc. VII.29. KoncrpyKTHsHble THHBI yiaoTHeHHi 
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Ha puc. VII. 29 nokasaHbl BapHaHTb! ynvIOTHeHHH HacocoB. YnuoTrHeHHe 
BapHaHTa 6 C pa3pbIBOM MWe JaeT MeCHbUIHH Ha 20--30% KosdpHHeHT pac- 
xOfa, 4M IIpocToe wleseBoe yNvIoTHeHHe BapHaHta a. JlabupHHTHOe ynOTHe- 
Hve C HECKOJIbKHMH 3a30paMH Ha pa3HbIxX AHaMeTpax NO3BOMAeT 3HAYHTEIIbHO 
YMCHbIUHTb KOOPPHUHEHT pacxOa IPH OAMHAKOBOH BbICOoTe ynuoTHeHHH I. 
Ho B TeXHOJIOTHYECKOM OTHOMICHHH YIWIOTHCHHA BapHaHTa 6 H 2 3HAYHTeJIbHO 
c1O*KHee. ! | 

YIMMOTHEHHe Cc OJHHM 3y60M (puc. VII.29, 4) np BhICOKHX aBsIeHHAX He- 
IIpHrOAHO, TaK Kak OHO BO3SOyxXAaeT ABTOKOMeEOaHUA POTOpa Hacoca. YnoTHe- 
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HHe THNa 2 NOJHOCTbIO ceOA ONpaBa/IO B Hacocax BbICOKOFO AaBseHHA. BuH- 
TOBAA KaHaBKa Ha BpallalouleHCA MOBePXHOCTH MWeJeBOrO yMJIOTHEHHA MOXKET 
YMeHbIUHTb KOSPDUUHEHT pacxogza Ha 30—50%. Takoe ynaoTHeHHe ocobeHHO 
yelecoo6pa3HoO AIA BA3KHX 2XKHAKOCTeH. 


PacueT ynJOTHeHHA 


PacuyeT yIMOTHeEHHA CBOHTCA K ONpeleJIeHHI0 norepb, CBA3AHHbIX C npo- 
Te“UKOH BODbI, MOMHMO pa6ouero kKOVIeca H TpeHHem Bpaulalomluxcs ywacTeH 
yIIOTHCHHA O BOR. 

Pacxoy, BOJbI Yepe3 ynwoTHeHHe O6ofa pa6ouero Koeca 3aBHCHT OT pa3- 
HOCTH JaBJICHHH JO BxXOa B.YIJOTHeHHe H NpH BbIxXoe H3 HELO H conporHpi1e- 
HHA caMOro yIJIOTHeHHA. 

B cmyuae TeYeHHA X2KHAKOCTH Yepes Memb (puc. VII.25, @) non eHCTBHeM 
nepenala JaBJIeHHA P\—P>. BeJIHYHHAaA Hanopa, cpaOaTEIBaemas B 3a30pe, 
6yeT paBHa 


hy =Mmp + Nuys (VII.100) 
rae Mhnp — NoTepH Ha TpeHHe; | : 
h, — MecTHbIe NOTepH OT BHeSaNHOrTO CyKeHHA MPH BxoOJe B Web H 
pacIuUHpeHHA Np BbIxoze H3 3a30pa. | 
Jlia Tpy6ompoBoya noTepH Ha TpeHve paBHbl — 


AL ove | 
hmp = “Toy . (VII.101) 


rye J — aauHa Tpy6onmpoBoga; 
d — MameTp Tpy6onposoga; 
X — KOSPPHUHEHT CONPOTHBJICHHA; 
U — CKOPOCTb TeYeHHA BOJHI. 
JIA weneporo 3a30pa noTepH Ha TpeHHe MOryT OnpeAeTATECH N10 9KBHBa- 
JIGHTHBIM THApaBH4eCKHM paaHycaM 
p= 2, 2 
rae f — miowlatb CceveHHs; 
S — CMOWCHHbIH NMepHmMeTp ceyeHHA. 
Ana Tpy6onposoya | 


— ad _ 4 
0 Gd ~~ T° 
Jaa uenesoro 3a30pa 
_ mDb _ 6 
~~ Q2nD 2 ? 


roe D — uamerp, Ha KOTOpOM pacnosomxeHa ULeJIb; 
6 — wupuna wenn. 
CyelopaTeJIbHO, MOTepH Ha TpeHHe JWIA WkeeBOrO 3a30pa OyAyT paBHbl 
Mot 
hmp = 2b 2g" 





MecTubie NOTepH AIA WeIH npH oy Kenny Hi pacmupeHuH ceueHuaA 


oF 


CreOBaTebHO, 
| Nl . v2 
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Mmex B BHAY, 4TO 


v=, 
re g — pacxoy yepe3 lesb; 
f — ceyenuve eH, 
Novly4HM 
g=f\/ xe. (VII.102) 
at 15 
5 
O603HauHB 
- MV aa 
NlOyY4HM 
= uf V 2gho, 


rye p — KoappuWvenT pacxoa. 
EcuiH pacCMaTpHBaTb He IIPOCTyl0 Web, a WeIeBoe yYNJIOTHeEHHe C TIpsAMoO- 
YIOJIbHbIMH KaHaBKaMH (puc. VII.25, a), To KospuuHeHT pacxoya GyeT paBen 


I 


M7 sre 
of + 15+ lez 
rye Z — WHCJIO KaHaBOK. 


[IpH HasH4HH HeECKOAbBKHX ULeJIeBLIX YHJOTHEHHH HJIH CHCTeEM COMPOTHB- 
J€éHHH OyeM HMeTb 


2g 2g She hy 


Va 


S3Hayenve BeAHYHHHI NOTepH Hanopa )fh, MoxHO onpetenuTh nO ypaBHe- 
HHIO BepHyJiH, 3Had aBlleHHe mepe_ YMNOTHeHHeEM Pp, H 3a HHM Pp» 
(puc. VII.25), 


q= (VII.103) 


Fiy; 


YM hy = o —> + 2,5 —Ahy, (VII.104) 
rye > — Hallop MpH Bxoge B yiJIoTHeHHe (Mepex o600m); 
os — Hallop Ha BbIxoge H3 yNVOTHeHHA (3a OTBeEPCTHeM y KOHYCa pa- 


Goyero Koueca); 

21. — TeOMeTpHuecKaA Pa3HOCTb OTMeTOK pacnojloxKeHuaA Havasla ynJor- 
HeHHA HW TOUKH BbIXOMa 3 HELO; 

Ah, — MIpoTnBoyaBseHue, CO31aBaeMoe BpallleHHeM BOJbI B 3a30pax yIJOT- 


HCHHA 
1 \3 1 \2 
an, — et) —(e) 
uo 2g ? 
HO 
WD nN | twDon 
“A= eo > B= G0” 





376 


CyeoBaTeJIbHO, MOcse MOACTaHOBKH MOJyuuM 
Ah, = 3,49- 10~*n? (Di — D3), 


rye fn — 4Nc0 O6OpoToB TypOuHbI B MHHYTY; 
D, u D, — AMameTphi pacnonoxKeHHA YOJOTHEHHA. 
Hanop mpu Bxoje B ymuoTHeHHe O6oxa 


vu? 
Pi “1 Pa 
——_ — Ve. 6 — Vra ——w- On + —- 9 ( VI I . ] 05) 


rl€ Ve.g — OTMeTKa BepxHero Obetba; 
Vri — OTMeTKa IPH Bxoze B ymuoTHeHHe OG6o]a; 
0, — aOCOJIOTHaH CKOPOCTb BOJbI. y BXOMa B YIVIOTHeHHe 
2 2 2 
0) = Omi — Uu1, 

HO 

. _ 60ngH | 
? “u~ maDn ? 





Pa ~~ aTMOCepHoe AaBeHHe, npHOmUxKeHHO + = 10 om. 
Hanop Ha BbIxoje 43 OTBepcTua KOHyca pa6ouero Koseca 


v- 


= Hae 7 (VI1.106) 


rye H, — paccTosHHve JO HHKHEFO Obeta; 


Q 
Uma = 
KoagdpulHexT compoTuBsenua A. HeEOOXOZMMO BLIGHpaTb C yueTOM XapakTepa 
ABH2KCHHA MKUAKOCTH (JaMHHapHoro HIM TypO6yeHTHOoro) [59]. Xapaxrepu- 
CTHKOH Te“YeHHA KUAKOCTH ABAeTCA UNCIO PehHonbAca 
dvcp 


Re = , (VII.107) 


” 





rye d— y,uameTp Tpy6onposoga; 
Ucp — CPCXHAA CKOPOCTb TeYEHHA MKHAKOCTH; 
Vv — KHHeEMAaTH4eCKHH KOSGXPHUMeEHT BASKOCTH XKHJLKOCTH. 
lip ycTowaHBOM JIaMHHapHOM JBYXKCHHH XKHAKOCTH, xapakTepH3yeMoM 
Re < 2320, Kospulivent CONpOTHBeHHA Hao ONpexenaTb 10 dopmyse 


64 
a (VII.108) 


[pu TypOyJeHTHOM JBHXKCHHH XKHAKOCTH y CTEHOK OOpasyertca NepexogHoH 
NOrpaHH4bbl c0H. [Ip 9TOM MOryT HMeTb MeCTO JBa clydan. Tlepppii, Koryza 
TOMMHHA TorpaHvaHoro con 6 6obuIe BeEM4HHbI HEpOBHOCTH Rk Ha NoBepx- 
HocTH TpyOn (6 > k), T. e. creHku Tpy6 ruspaBaMuecku raaqKue. Bropod, 
Kora TOUHHa NorpaHwuHoro clioa § MeHbIwWe BeJIMUHHbI HeEpOBHOCTH k Ha 
MNOBepXHOCTH Tpy6n (6 < k), Tak Kak CTCHKH WIepOxoBaTHle. 

TowMmMHa NorpaHHyHOroO COA ONpeseAeTcA BLIPAaxKeHHeM 


NPE are a 
6=dX V2 =H V +. (VII.109) 
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rie N — nocroxHHaa BemMuHHa, Win BoE N = 11,63. . 
4 — KoadbpbulHert CONpOTHBIeHHA; CileqyeT MPHHHMaTb nmpenBa pu- 
TeIbHO A = 0,03+0,07. © | 


f 9 u\? 
dv,» 26 V2, + (+) 
= 


vy 3 


Re = 


re. Upp. =- CPeAHAA CKOpocTh B IW@AH;. Upp = a; 

u — OKpyXHaa CKOpOcTb; 

Vv — KHHeMaTH¥eCKHH KOXppuINeHT BASKOCTH; mp 20°C v=10-8 m2/cex. 
Jia TyYpOHH C OKPyXHbIMH CKOPOCTAMH BQIbI B YNJIOTHEHHH CBbIMe v = 
= 10 m/cek MomwHO 4ncCIO PehHospgaca “ONpeAeHTS IpHOAWKeHHO M10 BbIpa- 


2KCHHIO 


Beau4HHy HepOBHOCTH NOBepXHOCTH & ClexyeT ONPeACAHTb B COOTBETCTBHH 
c xapakTepoM O6pa6oTKH NOBepXHOCTH YNAOTHHTCIbHbIX KOJIeL. 
CpaBHHB BeAHUHHY HeEpOBHOCTH F C TOJMMHOM NMOrpaHH4HOrO COA, MOMKHO 
yCTaHOBHTb, K KaKOMY THILy CJleqyeT OTHeECTH TeYeHHe BOE. 
lia TeueHua, mpuv KoTopom 6 > k, , Kospunent COMNPOTHBJICHHA Hao 
OonpeelATb 10 dhopmyse 
1 


= Toiog (Re Vi ODI” (VIT.110) 
BenuyHHot A MO KOpHeM CJlehyeT NpeABapHTeJIbHO 3aaBaTbCA, a 3aTeM 
nocjle ee onpeweeHHA KOPPpeKTHPOBaTb noacuer, 3aaBaach HOBOH yTOUHeEHHOH 
BeJIHUHHOH. 
Kosdpunnent COMpOTHBeHHA JA cayyan 5 <k onpegzenaetca no op- 
My JIe 
1 


2) 
(4,74 4.9 log =) 
rye 6 — 3a30p B yNOTHeEHHH. 


Hlorepu MOWHOCTH | , 


IIporeuku yepe3 ynloTHeHHA RODKHEI ObITb OLCHEHbI notepsMu MOILLHOCTH, 
KOTOpBIe OyAYT paBHBI 


AN, =~ gH xem, (VIT.112) 


102 


re g — pacxoy uepes YNOTHEHHA B m?/ceK; 
 #f — Hanop TypOHHEI BM. 
IIpux y = 0,9 


AH, = 88qH xem. (VII.113) 
Tlotepa MOMHOCTH Ha TpeHHe Bpalilaolelcn wcTH yIJIOTHHTebHOrO 


KOJIbIa O BOAY MOXKeT ObITh O1peseseHa NO JaHHbIM, HCIOJb3SYeMbIM B Haco- 
COCTpOeHHH. | 
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Moment TpeHua ofHOL CTOPOHHI AMCKa O X%KHAKOCTb B ‘3aKPBITOM Koy Xe 
MOXKeT ObITh IIpeACTABIeH B CeLyIOuleM BHJe: 


M=cpRio?, — (VIE114) 


rye Cc; — KOSpPDPHIMeHT TPeHHUA; 
0 -~— NJIOTHOCTb KHIKOCTH; 
R.— HapyXHbIA panuyc 2uCKa; 
@ — yIrOBaA CKOPOCTb. 
— Koodipunnent tpenHa cy ABIACTCH pynKinen guca Re. Jia Bpanlaiomeroca 
AHCKa - : 





_ Ho | ANxtm 
Nas TamunapHoro pexKuMa 
ope Bet Re (<)’ [0.0146 + 
Vg ) 01256], (VI, 15) 


rae s — paccTOAHHe OT QHCKa 10 CTeHKH. ‘Kop: 
myca, 

Jia nepexogxuHoro oT jlamunapHoro K TYp- 

OyJIGCHTHOMY pexKHMy 











1,334 
c= —. 17.116 
f V Re ) (V ) 
iia Typ6yeHTHOTO pexkuma Puc. VII.30. 3apucumoctTs norepu 
_ 0 0465 MOUHOCTH OT BeJIHUHHEI 3a30pa H 
— (VII.117) JIHHE Wenn 
/ WRe : 
MoulHocTH JHCKOBOrO "Penna (1J1f OMHOH CTOPOHbI AHCKa) 
ANmp = a 55 = (0 ,0098c,pR3o* 'Kem . (VIT.118) 


Jia Boab npu tf = 20° (v = 107° ?/cex) uw s3HaueHHH Re = 7-10° nonyaum 
cs = 0,00232. DopmMysia DAA MOWHOCTH OyzeT HMeTb BHA 


AN mp == 0,0006u3D2 a. c. (VII.119) 


MomeHT TPpeHHA BpalllaioulMxcA WHAHHApHuecKHx MNMOBepxXHOCTeH oO 
#xHAKOCTS A. A. JlomMakHH mpelsaraer onpeyenutTb no dopmy.te] 


M = %l2ur?, (VII.120) 


THe Te — KacaTebHoe HalpsAxKeHHe y CTCHKH; 
[ur — HHA H paguyc WHAHHApHyeCKOH MOBepXHOCTH. 
KacaTesIbHoe HallpAKeHHE Ty Y CTCHKH JA TYPOYNeHTHOTO ABHXKeHHA OTpe- 
HeAeTCA 10 YpaBHeHHIO 


x 2 nV wor\? 
t = ~~ pug = (+) - (VIT.121) 
? p = P\>) > 
Pe Uy — CKOPOCTh AKHAKOCTH B 3a30pe MeKTY Bpaulaionekca NOBEPXHOCTBIO 
H CTCHKOH KOpnyca; MpvHATa paBHOH NoOsOBHHe oKpy HoH CKO- 
poctH u = or. 
CyeqoBaTebHo, 


M = 0,196Alpo*r KI m. (VIT.122) 
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npu A = 0,816 no1yuaumM M = oo =— plw?r* kl -m, oTKya MOLHOCTB TpeHHA 
V Re VRe 
riaikKoH WHJIMHEpwHyecKoH MmoOBepXHOCTH 
AN = oN 8 plw®r* Kem. (VIT.123) 
VRe 
Ilonuaa norepa MolulHOocTH OyeT paBHa | | 
JAN = AN, + ANay. : (VIT.124) 


IIpuH 'pacuete ynJIOTHeHHA OObIGHO paCCMATPHBAaIOT HECKOJbKO 3HayeHHH 
3a30poB DH AHH YNAOTHEHHH 1 HM CTPOAT AIA HUX rpaduK NOTepb MOLIHOCTH, 
Kak yKa3aHo Hua puc. VII.30. 

Vis paccmMaTpuBaembix rpaduKoB caezyeT, 4TO o6bemHBIe notepu AN, 
JIA LAHHOTO 3a30pa WaOHPUHTA C POCTOM JVIHHbI We B Hayase ObIcTpoO nanaror, 
gsaTeM MeneHHO. [lorepH Ha TpeHHe AN wy pacTyT NpOnopuvoHaAbHO AHHe 
menu. O6ulaa notepsx MomHocTH AN cHayana pe3ko MayaerT, 3aTeM MeVICHHO 
yBenuunBaetca. Ilo sTHM rpadvkKaM OKOHYATeIbHO BbIOUpaloT napamerpp 
yYIJIOTHCHHA —- 3430p H ero JAHHY. 

Ynuoruenua O6bI4HO H3TOTOBJIAIOTCA H3 HepKaBelouleH XPOMHCTOH CTadH 
JIA CpeqHeHaNOpHbIx H BLICOKOHANOpHEIX Typ6HH. IIpu sTOM caeayerT B CONpaA- 
*KCHHAX KOVJIDILEBLIX YIJIOTHEHHH MPHMCHATb MeTAJJIbI pa3HOH TBEePAOCTH, 
Tora B Cayyae 3afeBaHHA GOyeT MeCHbUIaA BePOATHOCTb MX 3amupa. 





Taasa VIII} 


PABOUHE KOJIECA TIOBOPOTHOJIONACTHOTO THITA 


ll 


1. KOHCTPYKLIIMH MEXAHH3MA NMOBOPOTA JIONACTER 
PABOUHX KOQJIEC : 


Bri6op AMaMeTpa BTYJIKH MW KONHUeCTBa JOMacTeH paOouero KOJeca Typ- 
6HHbI MOBOPOTHOMOMACTHOTO THMa 3aBHCHT OT KOSpPHIHeHTa ObicTpoxol- 
HOCTH n,. Kak paBHJio, 4eM BbIlle Hanop, a CleqOBaTeIbHO, HH2Ke OBICTPO- 
XOJHOCTb, TEM OOJbUIe AHaMeTp BTYJIKH KOJIeca H KOJMYeCTBO JIOMacTeH. 
OcHOBHBIe COOTHOMICHHA JIA STHX KOMec MpHBeweHb! Ha puc. I.21. 

XapakTepHbIM Jian paGovero KOJIeca TYPOHHbI NOBOPOTHOJONacTHOrO Tua 
ABIIAeCTCA HalMaHe Me€XaHH3Ma MOBOpOTa JOMacTeH, PacnOJIOKeHHOTO BHYTPH 
BTYJIKH. 


Pa3sBHTHe KOHCTPyKUHH MeXaHH3Ma NOBOpOoTa sonacteli 


CxemMa MexaHH3Ma noBopoTa, BuepBble mpeqoxwKeHHan mpod. Kansaanom, 
mpeactraBsena Ha puce. VIII.1. [115]. Pa6ouve nonacTu 3aKpenienbl MpH MOMO- 
MOH Wand BO BTyKe paGouero Kouleca. Prrar somacTu / coeqHHeH pH No- 
MOLLH Ceper H yrioBoro pbluara 2 cO BTYKOH 3, NOABHXKHOH B OCeBOM HalipaB- 
jeHHH. Bryika 3 TlepememjaetTca c m0- | | 
MOIIbIO JBYXCTOPOHHeH MATH 4, KOJIb-— 
uad u tar 6. 

Ta KOHCTPYKILHA Me€XaHH3Ma MOBO- 
pota jonactei B rugzpoTrypOocTpoeHHH 
He yTBepAHach, Tak KaK OHA OOJaqaerT 
KPyNHbIM HeOCTAaTKOM — OTBeTCTBEH- 
HbIe WeTasIH ee HW WlapHHpbl MexaHH3Ma — 
MOBOpoTa HaxOJATCA B BOJe H MEIIaloT 
noToKy. OfHaKo Hex IPHMeHeHHA KpH- 
BOWHMHOrO Me€XaHH3Ma JIA WpeBpalile- 
HHA NOCTyNaTebHOrO fepeMellleHHsA 
MYQTHI BAOJIb OCH BaJla BO BpalllaTesb- 
Hoe ZBHxKeHHe JIOMacTew B Tporecce 
CBOerO PasBHTHA NOJy4Ha pa3svIM4Hble 
KOHCTPYKTHBHble pewleHHa. Pa3BuTHe 
KOHCTPyKILHH Me€XaHH3Ma NOBOpoOTa JIO- 
macteH 0 ABYMA IyTAMH: IyTeM 
IIPHMeHeHHA KYJHCHBIX M€X@HH3MOB H Puc. VIII.1. Mexanusm nmopopota monactei, 

npequoKeHHba npodp. KanmaHom 
GHCTO KPHBOIIHINHOTO MexaHH3Ma. 


Ky/IHCHbIA M@XaHH3M JIA MOBOpOTa JonacTeH ObII BIepBbIe NPHMeHeH 
B 1925 r. Kouncrpykuua ero noka3aua ua pc. VITI.2. 3qecb MexXaHH3M IOBO- 
pOTa MOMelleH BHYTPH BTYJKH paGouero Koneca. Tara, HMelollan OCceBoe Tlepe- 
MellleHHe HM Mepeaiollan ycHve AIA moBopota sIomacTeH, BbIHeCeHa BOJIb 
OCH BaJla 3a NpezeAb BTyJKH. [lopopoTt slonacTehH OCyULeCTBJIAeTCA MpH OCeCBOM 
MepeMelleCHHH BTYJIKH KBajpaTHoro ceuenua /, 3aKpemmeHHoH Ha wiToKe 4, 
Bryaka / coeqvHaerca Cc MOMOULbIO KaMHei 2 MH WapHHpoB c pbluaraMH 3 
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Jonacteh. KaMHH pacnoJIoxwKeHbl B KOCHIX TIpope3Ax MO rpaHaAM BTyJKku I: 
Takada KOHCTpyKIHA WHpoKOrO IIpHMeHeHHA He MOy4Ha, BO-MepBbIxX, OHA 
TpeO6oBala OO/IbIIKX MepecTaHOBOYHbIX YCHAHH H3-3a TPpeHHA B KOCHIX TIpope- 
3AX HM, BO-BTOPLIX, BOSHHKaIH 3HaUHTebHbIe TeXHOJIOrMueCcKHe TpPyJHOCTH 
IIpH H3FrOTOBJICHHH CTporo HXCHTHUYHbIX KOCbIX NMpopeseH H VeTbIPeXrpaHHbIX 
HanpaBasiomux. B CCCP yxka3aHHaaA KOHCTpyKIHA Oblvia NpuMeHeHa pH 
H3FrOTOBJICHHH HeOOJbWHX THApoTypOuH Aaa [leppomatcxonw FOC u Bcnomora- 
TebHOrO O6opyyoBaHHa TypOuHEI Caupb TSC III. 

Sapoyq «BepkctageH—KpucTHHeraMn» B [lBenuu NpHMeHH Apyry!o KOH- 
CTPyKUHIO KyMHCHOrO MexaHH3Ma NoBopoTa sonacTeH (puc. VIII.3). 3Syecb 
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Puce. VIII.2. Mexanusm nopopota Puc. VIII.3. Mexanusm nopopota sionactel c Ky- 
monacteH c KyJiHCaMH H KOCHIMH ~~ JIHCaMH H IIpsiMBIMH npopesamu saBoya «BepKcta- 
npope3saMH | | - jen — KpuecrnneramMy» 


NOBOpOT JIomacTeH MOCTHraeTcaA C NOMOLMLbIO KaMHeH 2, NOBOPAaYHBaIouwluxca 
B TOPH3OHTa/IbHbIX Mpope3sax KpecTOBHHH! 7. KaMHH WapHHpHoO COeAHHeHBI 
C Na/IbIeM KPHBOIUHNHOTO KOvIbIa 4, KOTOPOe pH NOMOMLH GOJTOB COeqHHEHO 
c dlaniem sJonactu 5. CnexopaTeJbHO, NOCTYNaTebHoe MepemMelieHHe WiTOKAa 
C KpeCTOBHHOH Ip NMOMOMH KaMHeH MpeoOpa3yetca BO BpalijaTeJibHoe JBH- 
*KeHHe MoOMAactTeH. 

' [Tlentpo6exHble CHJIbI, pas3BHBaeMble JIOMaCTbIO H KPHBOLIHMHbIM KOJIbILOM, 
BOCIIPHHHMAIOTCA CIellHaIbHbIM YNOPHbIM KOJIbILOM 6, IIPHKPeIJICHHBIM K TeJy 
BTYIKH. KpHBOIIMMHOe KOJbIO 4, HalpaBAAeTcA Wandon 3, OTAHTOH BMecTe 
C KOPNYcOM BTyJKH 7. TakaA KOHCTPYKILHA NpHMeHAJaCb WIBEICKHM 3aBOJ0M. 
Pay Kpynubix TypO6uH B CopetcKkom Corose (CBupb III, Sarac II u ap.) umetor 
MeXaHH3M NOBOpOTa JIOMacTeH yKa3aHHOH KOHCTPyKUHH. Bo3MOXKHOCTH JerKoro 
Ne€MOHTaxKa sJionacTeH Ges pa360pKH BTYAKH ABAAeTCA OJHHM H3 OCHOBHBIX 
IIPCHMYINeCTB STOH KOHCTPYKUHH. OnakO OHa OO6safaeT TeM HeMOCTATKOM, 
UTO KPeCTOBHHa 3aHHMaeT WeEHTPaJIbHYIO YacTb BTYJIKH, H3-3a Yero dlaHely 
JomacTw HW ee M€XAHH3Ma MOBOPOTa MPHXOAHTCA pacnoONaraTb No nepHdep nH 
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Tipu Oonpuiux Hanopax H NpH uuNce NONacTeH, OobUIeM YeTbIPex, NpH- 
MeHeHHe STOH KOHCTPyKIUHH 3aTpyaHeno. IIlneqo kpHBOWHNa B STON KOHCTPyK- 
IMM MOy4aeTCA OTHOCHTEJIbHO HeOOJIbIIHM, B CBA3H C 4eM HEOOXOAHMO OOVIb- 
wee yCHHe JIA mepemMemleHuA Jionacte. M3roTropseHHe KpecTOBHHbI C 4e- 
THIPbMA TOUHbIMH HXCHTHYHLIMH Mpope3saMu H KOpliyca BTY.1KH (bacOHHOH op- 
MbI C WandamMu TpeOyeT CJIOKHOH TeEXHOJIOrHH. 

UvcTo .KPHBOWHNHbIM MexaHH3mM noBopota (puc. VIII.4) Obl nmpumMeneH 
B KOHCTPyYKILHAX MOBOPOTHOJIONACTHBIX KONeC, H3TOTOBIABLIHXCA PHpMaMH 
«Ilitopex» -8 Uexocnospakun, «Molt» B Tepmanuu, «<Sniep—Bnuec» B IlBen- 
iapHH wu «Moprany—CmutT» B Amepuke. ~ a 
JIonacTb J paOouwero KOJIeca OTJIMTA 3a- 
OHO C Ilandow 2 HW HalpaBsaeTcA ABYMA 
NOJWHNHHKaMH. KpecropuHa & cnyleHa 
B HWXKHIOIN YaCTb BTYJIKH, Phar 3 HMeeT © 
OOJIbULyIO JWIHHY, 4YeM B KOHCTPYKUHH, 
mpuBezeHHoun Ha pue. VIII.3. Parmar 3a- 
KpenieH Ha wWambe JomacTH H @HKCH- 
pyeTCH 3aKaqHbIM KOJIbIIOM 9. lloBopoT 
OCYILECTBIAe€TCA HpH OceBOM nepemellte- 
HHH witToKa 4 Cc KpecTOBHHOH 8, KoTOpaHx 
C MOMOLLbIO Ceper 6 WapHHpHO coewquHeHa 
C pHhuaroM 3, 3aKpenJieHHbIM Ha ware 
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sliomactu. Cuu3y K Kopmycy BTyJIKH Ipu- aN iT 
coeauHaetca KoHyc 7. JlanHand KOHCTpyK- | al 


WHA Ooulee wesecoo6pa3Ho HCHOb3syeT 
BHYTPeHHIOIO NOJIOCTh BTYJIKH, NO3TOMY 
CTAHOBHTCAH BO3MO2KHbIM ee NpHMeHeHHe 
ip 4HCJe JoMacTeH, OOJIbINeM YeThIpex. 

Takasa KOHCTPpyKWHA MexaHH3Ma NOBO- 
pota 6blla IpHMeHeHa WIA paywa TypOuH 
pa3H4HOH MOULKOCTH H pasMepoB. KoH- 
cTpykuHa Koneca D=7,0 m aA Typ- 
OHHbI MOoWHOCTbIO N = 30 000 Kem ruZ- | : r 
poctanyHnH «Pro6ypr—sepmragT» no- Puc. VIII.4. Mexanusm nosopora sona- 
Ka3aHa Ha puc. VIII.5. Komeco ston cre C KDHBOWIHNHBIM HPHBOJOM 
TYPOHHbI HMeeT MATb MOMacTeH 4, OTMH- © : 
TbIX BMeCTe C iandoH. HapyxHbih Quamerp sBryakH 2 papeH 3000 mum. 
YcusHe ANA NOBOpOTa JOMacTeH mepezaetca yepes wToK / AuamMeTpoOM 280 mum. 
Ha KOHIe IlITOKa 3aKpellieHa KpecToBHHa 5 kopo6uaToro ceweHun. CHu3y Kpec- 
TOBHHbI KpeluTcad HallpaBJIAlOlWHh WHIHHAp 6. Ha aonacTuw 3akJIMHeH pplyar 7. 

XapakTepHbIM JIA KOHCTPYKUHH STOTO KOIeCa ABJIACTCA ClelHalbHoe 
CbEMHOE KOJIbIO 3, MOSBOJAIOMLee NPOHSBOLHTb BLIeEM JOMAaCTH BMeCTe ¢ pLida- 
rOM B CTOpOHy. STO yAyullaeT SKCIMyaTalHOHHble CBOHCTBa KOHCTPyKILHH. 
OyHako HasiMuve JOMACTH, OTHTOH BMecTe C Lando, ABJIAeTCH HeAOCTATKOM 
KOHCTPyKUHH, TaK Kak BbI3bIBaeT TEXHOMOFMYeCKHE TPYAHOCTH MpH H3TOTOB- — 
JeHHH JlonacTtH. Kpome Toro, Jia JeMOHTaxKa slomacTH HeOOXO,HMO CHHMaTb 
KOHYC H MpOH3BOAHTb pasbeHHeHHe CepbrH C PbIyarOM BTYJIKH. 

Ha JIM3 tTyp6HHEI C NOBOPOTHBIMH JIOMaCTAMH HawvalH U3rOTOBJIATbCH 
c 1928 no 1929 rr. Ileppot 6p11a Typ6uHna Ja TDleppomalickon [OC MomuiHocTbio 
400 a. c. Bea NpMHATA Ky AMCHAaA C KOCbIMH NMpOpe3sHMH KOHCTPYKIHA Mexa- 
HH3Ma noBopota sonactreH (pc. VIII.2). B qanbHetiiem 2a KpynHOH Typ- 
OHHEI MOWHOCTbIO 12 500 Kem Obl] NPHMeHeCH: KPHBOINHNHEIN MeXaHH3M N0- 
Bpopota (puc. VIII.4). Onpir. usroropnenua u cOopKuH Tako KOHCTpyKUHH 
BhIABHJI PAX TDYAHOCTeH, CBA3@HHbIX C HAMHUYHEM JIOMAaCTH, OTJIHTOH BMeCTe 
c yandon. OTIMBKa, H3rOTOBIeEHHe AONacTu HM COopKa Kovleca Oblia 3aTpyAHeHa, 
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B qanbHewmem Ha JIM3 Obia co3qaHa HOBad KOHCTPpYKUHA C KPHBOUIHIHBIM 

MCXaHH3MOM C OTbEMHOM OT JIONacTH wandow, 6OarofapH YeMy YJIYUMIMaCcb 

TEXHOJIOTHYHOCTh KOHCTPYKIHH, CTaJI BOSMOXKEH NOJIHbIG MOHTAaK Me€XaHH3Ma 

BTYJIKH 6€3 JIOMAacTH, JIMWIb NoceqHek onepanHel COOPKH ObIIO IpHcoeqMHeHHe 
JlonacTen. 


Fe | KOHCTpyKWHA TaKOLO KO- 
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RG970 


SC 


neca D=9,0 m TypOHHBI 
Ppr6nHcKo“ TOC MOnIHOCTbIO 
N = 70000 xem BuyHa Ha 
puc. VIII.6. JlonactTh 6 Bnl- 
NOJIHeHa OTBEMHOH OT Land 
5 wu 12. TiIpuameneno ynop- 


1S Wid 7 ACA | 2 

IS \ie i eh iS Hoe KOvVIbILO 4, BOCIIPHHHMa- 
x N Pe V A wOWG e follee WeHTPOOeKHBIE CHIBI 
St SN ele CX SSS nactu. Llanda umeeT npH- 
3 Pray nomacTH. (ba HM pu 
| Na) rr We TS JIATbIH Nase, T. €. OHA 2KE 

i an | Ny 

. - y 5 ABIACTCH HM Pbl¥aroM KDPH- 
de y ~6 Bouluna. Ceppra 7 coegn- 

8 HACTCA C MablLaMH KpecTO- 


BHHBEI 8. KpecTosBuHa 6 3a- 
KpeneHa Ha wiToKe /3 Ma- 
, CAIAHOTO C€pBOMOTOPaA C II0- 
a MOIULbIO M@CCHBHOrO CTAaJIb- 
AWA | HOFO pa3beMHOTO Koubia 10. 
CraibHow wToK /3 cepBo- 
MOTOpa uametpom 600 um 
BQ paccuuTaH Ha mepemlayy ycu- 
ny mua oxono 1200 7. Kopnyc 


\ Fry 7 Yp - BTyakH 3 wmeeT HaMeTp 
USK Ws Wx 3,/ mM WM MpescTaBlAeT Co- 
t INN 60% MaCCHBHY!IO (acoHHy!o 
SN CTaJIbHYIO OTJIMBKy BeCOM 


ASS f} 
AWG \ oxon10 70 m. B  kopmnyce 
eee Y BTYJIKH 3akpensaiotTca 4 
Y momactu (BecomM 20 m Kax- 
jlan) MW M€xaHH3M MOBOpoOTa. 
LlenTpo6exHbie CHJIbI, pa3- 
BHBaeMble JIOMAaCTbIO HW JO- 
CTHralolive Mp pa3srOHHbIx 
o6opotax 1000 7, BocnpH- 
HHM@lOTCA YIOPHbIMH KOVJIb- 
WaMu 4, OTKOB@HHbIMH H3 
. BbICOKOKauecTBCHHOH = Xpo- 
MOHHKeJeBOH CTaJIH WH MpHKpelvIeHHbIMH KaxKyOe C NMOMODIbIO 20 OOJITOB 
quameTpomM 90 mm kK kOopnycy BTyJKH. @wlanHell JIomacTH Cc MOMOL[bIO 
OonToB // jzuametpom 150 mm coeqHHaeTca c manor 5. 

CBepxy BTYJIKH pacilOJIOKeH MAaCJAHbI CepBOMOTOp, COCTOAMMH H3 WH- 
JHHIpa 2, nopmua /4 u Kppiuku /. C NOMOMbIO WaBIeHHA MaCJla NOPIWIeHb 
pasBHBaeT HeEOOXOWHMOe yCHHe JIA NOBOpOTa MONMacTeH, CHH3y BTyIKa 3a- 
KaHUMBaeTCA yAOOOOOTeKaeMbIM KOHYCOM 9. 






























Puc, VIII.5. MosoporsononacrHoe pa6oyee Koneco Typ- 
| OuHH TOC «Pro6ypr — llspepmrayr» 


CoppemeHHbie KOHCTPyKIMH MeXaHH3Ma HOBOpota sonactTeii 


B CBA3H C INHPOKHM IIPHMCHeHHeM MOBOPOTHOMONACTHEIX rujipory pOuvH 
OOJIbIIOH ENMHHYHOK MOULHOCTH OCOGeHHO Ha BbICOKHEe HalOpbl OY€Hb BaXKHbIMH 
CTaJIM BOMNpPOChI YBeIHYeHHA ObICTpOXOAHOCTH pa6ounXx Kownec, yy4WeHHA HX 
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KABHTallHOHHbIX CBOHCTB H HasexKHOcTH. Jia sTOrO NOTpPeG6OBaoch NpuMeHe- 
HHe KoOec NOBOPOTHOONACTHDIX TYPOHH C MCHbIUIMM JAHAMeTPOM BTYAKH KO- 
jleca pH 6O/buIeM KOHYecTBe JOonacTeH.. Huxe NpHBOAATCA KOHCTpyKIUHH 
Me€X4HH3Ma MOBOpOTa JIOMacTeH, BbIMOJIHeHHbIe B NocesqHHe FOAL. XapakTep- 


HbIM JWIA HHX ABJIACTCH OTCYTCTBHE 


BOCIIPHHHMAIOTCA OYPTHKOM KOp- 
myca Koveca. _ 

Ha pune. VIII.7 npnBenena 
KOHCTPYKIMA MOBOPOTHOMONACT- 
HOrO KONeca TypOnHbI BomKcKoH 
TSC um. B. WH. Jlenuna, co3an- 
Had Ha JIM3. Sro komeco c NOBo- 
PpOTHBIMH JIOMaCcTAMH H HaMeTPOM 
D, =9,3 m Tpu Hanope H = 


= 22,5 M pa3BHB4eT MOIIHOCTb 


N = 126 000 xem. 
PaGoyuee Koyleco HMeeT 6 0- 
BOPOTHbIX JIOMacTeH 6, OTJIHTHIX. 
H3 Hep»xaBerollen cTain.. JlomacTu 
yCTaHaBJIHBaloTca B OKHA Kopnyca 
pa6oyuero Komeca 4 Hu MpHcoequ- 
HAIOTCA CHapyxu OoTaMH 5 4H 
WIMOHKaMH K CTaJIbHbIM landam 18 
H K HeNOJBHXKHO 3aKpenJIeHHbIM 
Ha HHX CT@JIbHbIM PbluaroM 7. 
Hapy2kHoe oyvepTaHne Kopnhy- 
ca B Mpefemax 


HMeeT ccbepHyeckylo topmy (Wa- 
poBas BTy1kKa). K kopnycy cBepxy 
KpenuTcaA OOTaMH HM IMNOHKaMv 
CTaJIbHOK WHJIHH Ap CepBomoTopa 2. 
Uuauuap 3akppir kKppmkon /. 
LnouKu, Kpemsaulwe WHJIMHAp K 
KOpliycy WH KpbIllIKy K WHJIMHIpy, 
mipeqHasHayeHbl WIA mepeyaun 
KpyTALWero MOMeHTA. 

BHyTpH UHIHHApa mnepeme- 
WLaeTCA UYFYHHbIM NOPWeHb J, ykK- 
penJIeHHbIH Ha WITOKe C NOMOLLbIO 
3aneuHKa HW 3aKMaHOrO KOJIb- 
ua /5. Irok HanpaBasnetca B 
OPOH30BbIX BTYJIKax, 3aKpPemnJieH- 
HbIX COOTBETCTBEHHO B ILCHTpaJib- 
HOM OTBePCTHH KPbILIKH padouero 


Kovleca, JHHIe KOplyca HB IpH- 


CO€¢HHACMOM K KOpnycy AHHHTe 
pa6ouero Koueca 8. © 
K BepxHeMy KOHHYy. WITOKa 


Ne peMelvyeHHA | 
BHYTPCHHHX KPOMOK  JromacTeH 


YNOpHBIX KOJIeH; WEHTPOOexKHbIe CHVJIbI 
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Puc, VIII-6. [osoporHosonacrHoe pa6ouee KO- 
neco D=9,0 m tTyp6uHn Pp6nuckon TOC, 
: : : N = 70 000 xem 


MpHCOeAHHAeTCA UINHAbKaMH BBbINOJIH@HHaA H3 CTA@JPbHBIX -eJIbDHOTAHYTbIX 
Tpy6 witanra 1/6, kKoTOpad mpoxoguT vepes .NONbIM Bas .arperata. 
IliroK wMeeT CBepAeHbie OTBeEPCTHA, -COEIHHAIOIIMe HOMOCTH UWHIMHIpa 
C€pBOMOTOPa MPH MOMOLMLH WITaHr Cc MaCJIsHOH CHCcTeMOH TypOHHbI. Ha HHKHeM 
KOHIe WTOKa yKpellIAeTcA CTaJibHan KpecToBHHa 13, B KOTOpOH HMeeTCA WIECTb 
PaWaJIbHbIX OTBEPCTHH, PaCNOJIOMKeHHbIX B Mane Nog yriom 60° zpyr kK Apyry. 


25 #H. H. Kosaanes 
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B 3TH OTBeEpCTHA BCTABJIAIOT Nalbiubl 10, C KOTOPbIMH OJHHM CBOHM KOHILOM 
WapHHPHO conmparaiwtca cepbru 9 pabouero Komeca. STH ‘Ccepbru ApyruM KOH- 
ILOM HPHCOeIHHAIOTCA WapHUPHO K SKCHEHTPHUYHO PacnovOKeHHbIM NalpiaM [7 
pbluaros. 

IlopopoTt monmacteH paGovero Koeca MpovcXONMT NpuH nNofaye Maca MoO, 
JaBJICHHeM B OAHY H3 MOMOCTeH CepBOMOTOPa, PaCNONORKeHHbIX Hal WIM NOT 
nopwiHemM. [Tlopmenb, nepemenanch, MOBOpayHBaeT NOMACTH, BO3JeHCTBYA 
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Pue. VIII.7. Tlosopornononactuoe Komeco D, = 9,3 m Typ6uHE! BommxeKon TOC 
um. B. H. Jlenuua, N = 126 000 xem | 
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Ha HHX “epe3 MITOK, KpeCTOBHHy, cepbru uw Wandp wonacten. IIpu qBuxeHnn’ 
NOPWHA BHH3 JOMacTH OTKPbIBaIOTCA, Ip ABHKCHHH BBEpX — 3aKPbIBaIOTCA. 
Ha kpecToBue HMEIOTCA Ba NPHIHBA, NpesqHasHayeHHble JIA HalipaBseHHua 
ABYX WMOHOK /4, IpHKpeNMeHHEIX CHU3Y KOplyca pa6oyero Kovleca Hu BOCIIpH- 
HHMalolAX TOPHSOHTAJIbHbIe COCTAaB/IAIOUIMe YCHIMA, JeHCTBYIOWMX Ha CepbrH. 

PeaKTHBHBIH MOMEHT HW OCeBOe ycHJIHe, JecTByIollee Ha sOlaeTH, BOCIpH- 
HHMAalOTCA OPOH3SOBbIMH BTyJIKaMH, 3alNpecCOBaHHbIMH B Hapy2KHYy!o HU BHy- 
TPeHHIOIO CTCHKH Koplyca (rOpH30HTaAbHbIMA ONOpaMH), a WeHTpobexHan 
cHila — vepe3 BHYTPeHHIO!IO TOPILEBYIO MAOCKOCTS (pl aHILeB Gonbuieli H3 yKa- 
3AHHbIX BTYJOK (6OKOBOH onopod). 

Hu3 AHUWLa KOpnyca 3aKpbIT KpbIKOH. Ki nuMMLy IIPHKpelAeTCH CTA bHOK 
KoHyc // o6TeKaemonw (POpMHBI. | 

HyuxKHAA YacTh Kkopnyca paOouero Kouieca Bcerja 3anomHeHa MACJIOM, T0- 
CTYNaloljMM H3 IMIHHXpa cepBomoTopa yepe3 3a30PbI M@XKAY WTOKOM H 
BTYIKOH. H3qnMulek MaCJla BbIKHMaeTCA H3 WHIMHApa Yepes3 LEHTPasIbH yo 
TpyOKy B WToKe HM MocTyNaeT B KOJbIWeBOe MPOCTPaHCTBO MexKAy HapyxXHOH 
Tpy6oH WTaHr HW WeHTpaJIbHbIM OTBEPCTHeM B Bale HW Jaee B CJIHBHYIO MOJOCTb 
MaCJIONPHeEMHHKa WH B CAMBHOH 6ak. Kpome Toro, JIA CaHBa H CiycKa Macyia 
M3 CHCTeMbI pabouero Kojleca NpeycMOTpeHH! KJlanaHb! /2 B WeHTpe AHUILa 
HM B WHJIHHEpe ceppomMoropa padouero Koneca. Macjiom, npoTeKarioliuM uepe3 
3a30PbI B CONPAKCHHBIX yriaX HOBOPOTHOrTO MeXaHH3Ma, NPOH3BOAHTCA CMa- 
3bIBaHHe BCeX TPYIMIMXCH NeTaeH, Pa3MeLeCHHbIX. BHYTPH padouero koveca. 

na mpeqoTBpalieHHA yTeUKH MaCJIa Yepes. 3a30pbl H MexKAY Wandamu 
HM KOplycoM Hapyxy B Kamepy pa6ouero Koueca, a TakxKe NonaaHuA BOAbI 
yepe3 3TH Ke 3a30Pbl BHYTPb KOpNyca 0 nepuepuu (lana WonacTu ycta- 
HOBJICHbI CIeWHaIbHbIe YOJIOTHCHHA, BbINIOJIHeEHHbIeC OTbeMHbIMH. B cyry4ae 
PEMOHTA HJM peBHSHH YIWIOTHCHHA MOTyT ObITb CHATHI G3 JEMOHTAKAa NONACTH. 

_ Hlemontax kKaxJoH onacTH MOxeT ObITh NpoHsBeeH Ges noybema Koweca 
Ha MOHTaxKHy10 NsoMlaaKy. OH MPpOHSBOAHTCA C NOMOMI[bIO CheWHabHbIX MpH- 
cnoco6eHHh. JlonacTb omycKaeTcA BO BCaCbiBaloltylIo TpyOy, OTKyja oHa 
TpaHCcnopTupyetTcA Ha MOHTAKHy!O Nioulaaky. C NOMOMLbIO STHX %e NpHcno- 
COO6JCHHH JOMaCTh MOXKeT ObITh yCTAaHOBeHa Ha mMecTO. BhiemMKa H ycTaHOBKa 
JOMACTH MOKET NPOHSBOAMTbCA TAKKe HW yepes CNuPa. c 

XapakTepHcTHKOH O6beMa paOOT NO H3roroByeHHiIo padoyero koveca 
MOTYyT CJIYKHTb CeELYIONMe MAHHbIC: TPYIOCMKOCTb MeXAaHOCOOpOUHbIxX paboT 
3TOro Komeca cocTaBisaet-50 000 Hopmo-4; 13 HHX TPYMOCMKOCTb MeX aHHYecKon 
o6pa6oTKku — 30 000 Xopmo-4 vu cnecapHo-cOopouHEIx pabot — 20 000 Hopmo-4. 

JiatpHetiiee pa3BHTHe KOHCTPyKUHH MeXaHH3Ma NMOBOpoTa JonacTeH 
6e3 IITOKa HW KPeCTOBHHHI. Sta KOHCTpyKuNA ? NoyUnAa WHpoKoe NpHMeHe- 
HHe B CCCP; pa HSPOTOBICHHEIX JIM3 u XTIS3 MoULHbIx rHApoTy pour ObIJI 
BbINOJHEH 10 sTOH cxeme (puc. VITT. 8). 

Yeunne 1A MoBopoTa AoNnacTehH Mepezaerca OT NOpIHA cepBomoropa / 
uepes cepbru 4 HelocpeAcTBeHHO kK pblUaramM 9 sonacTeH. AisuHHaa ceppra 
IIpOXOJUT BHYTPH TpyO6p 3, NpHcoeqHHeHHOH K NopwiHio. B romoBKe Tpy6pl ocy- 
IeECTBICHO WWapHUpHOe COeAMHEHHe CepbrvH C UHJIMHApHuecKHM NaJbyem 2. 
Tpy6a 3, HanpaBasaemMaa BO BTyKe 6 AHHLa CEpBOMOTOPA, OarOapA MaJIbIM 
3a30paM ‘oGecneunBaeT HeEOOXOAHMOe YIWOTHeEHHe OT TMpoTeyeK Maca. O6pberH- 
HeHHe NOpwWHA H KpeCTOBHHbI B OLHY JeTab U AHKBUalMA WTOKA yNpPOUaloT 
B I@0M KOHCTpyKIMlo. Koeca. CHuKaloTcA Tak2Ke ero Bec H TPyJOEMKOCTb 
H3roToBIeHun. Jina Komeca Auametpom D = 9,3 m Bec cCHHRaeTCA Ha 20— 
30 m, a TPYNOCMKOCTbh MCX AaHOCOOPOUHBIX pa6or yMeHblilaeTtca Ha 1500— 
1800 xopmo-4, np 3TOM Ha 300—350 4 yMeHbmaeTCA 3arpy3Ka KPyMHbIX CTAHKOB. 


1 Asropp B. E. Tonpaun, H. H. Kosases, H. A. Jile6enes, T. C. Ulerones. Ast. CBHI. 
No 208566. 


95% 387 


MO3TOMY KOHCTPyKUHA 


Hew (puce. VITI.9) nonoctax Brymku. B nocmeqHeM BapWaHTe NOTpPe6oOBa0Ccb 


TpeHHeroO IIPHJIHBa C JHHIN€M BO3MOXKHO B BepxHen (puc. VIII.8) u B HHx- 
Obl NpumMeHeHHe AHUIA B MHIHE Ape cepBomoTopa, 


B 6eckpecTOBHHHOM M€XaHH3Me TOBOpOTa sONacTeH pacnomoxwKeHHe BHy-— 
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Puc. VIII.8. Mexanu3m nopopora sona- 
cTeH Cc KPHBOUIMMHEIM MpHBO_OM 6e3 
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noyuHach Obl Oomee Taxenoh. Ecm nmpumeHsetca audpepevuvabybiit 


NOPWeHb H BbINOJHCHHA JHMIa B WMIMHApe CepBOMOTOpa He TpeOyeTca, TO 


MOXKHO pacnOJlaraTb BHYTPeCHHHH NPHJIMB HW CHH3Y BTYVJIKH. 
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JlocTtonHcTsBoM KoHcTpyKuHH (puc. VIII.8) aBpaaerca Takxe npHOsmHKeHHe 
WeHTpa TAKECTH KONeCa K NOAWHNHHKY Bala, 4TO yMeHbIUaeT JJIHMHY KOHCOJIH 
HW -YayumlaeT ycmoBue padoTh NoxWMnoOHHKa. HeyocTaTKoM ee ABIAeTCA pacno- 
JIOKeHHE NOABHXKHIX TNyO ceper Ha nepuepuu AHHILa CepBeMOTopa (BTYIKH) 
padouero Komeca H MNOBepKeHHOCTH UX Harpy3Kam. Iloy JehcTBHem WeHTpo- 
O€KHbIX CHI WONacTeH Hu Apyrux eTasen, OCO6eHHO Mpv NOBHIWICHHbIX OO6Opo- 
Tax, MIpH HeEMOCTATOUHOH *KecTKOCTH KOPNyca BTYJIKH MOryT BOSHHKHYTb Cylile- 
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Puce, VIII.9. MexaHnsm no- 
BOpota wjoMmacTeH ¢ KPHBO- 
IUHNHBIM IIPHBOJOM C AHd- 
epeHWHasIbHbIM NOpiwHeM 


" 
ti I MN i I 


CTBEHHble ylipyrve AePOpMallHH KOpHyca, NpeBocxoOAAMIHe 3a30phI y NOABHK- 
HOH TPyObl, YTO MOXKET BbISBaTb 3allleMseHHe TpyO ceper H BCerO MeXaHH3Ma 
nopopota. ITH AeopMalun HW, CMeEAOBATCNbHO, BOSMOMKHOCTh 3allleMJICHHA 
Me€XaHH3M4 MOBOpOTa OCOOeHHO ONaCHbI NPH OTbEMHOM LHJIMHpe CepBomoTopa, 
KOryja KeCTKOCTbh KOopnyca 3aHnxKeHa. [losTOMy MpHMeHeHHe 9TOH KOHCTPyK- 
HW M€XaHH3Ma NOBOPOTa BO3MOKHO AHIIb MPH MOCTATOUHOH MKeCTKOCTH KOp- 
myca padoyero Koweca. — | a 

Ha puc. VIII.9 us06paxena paspa6otaHHan XTIS opuHruvaibHan KOH- 
CTPYKUHA Me€XaHH3Ma MoBopota JIonacTeH (6€3 WITOKa H KPeCTOBHHBI) c Audp- 
*epeHWHabHbIM NOpWineM. XapakTepHbIM JIA STOH KOHCTPYKUHU ABJIACTCA 
pa3sH4ne Miowlakeh NOPWIHA Np ABHKeHHH BHH3 (Ha OTKDPHITHe) H ABH XKCHHH 
BBepX (Ha 3aKPbITHe) H HCNOb30BaHHe THAPAaBJHYeCKOFO MOMEHTA, JeCHCTBy- 
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loulero Ha JonacTH. B aro KoHCTpykuuH ceppru /2 ppmuaroB monacteii Kpe- 
MATCA C MOMOULbIO WHAMHAPHYeCKHX WiapHHpOB K NpoylivHam 3, ycTaHOBweH- 
HbIM B OOJIbILeM Nopline 4 ceppomoropa. []uaMHApPOM AWA 3TOrO NOPWHA WHa- 
MeTpoM D, CAYXUT BePpXHAA YaCTb Kopnyca Bryakn 5. Mahim noplinem 
(HENOIBHAKHBIM) ABIAeTCA HajcTaBkKa JO kK BHyTpeHHeli BTyJKe Kopnyca 
Kkoyieca. LwmHypoM juametpom D, AAA Hero ABIAeTCA BHYTPeHHH MpHJIMB 
Oolbuloro Kopnyca 4. CneqopaTeibHo, HMeIOTCA Be HanopHbie nonoctu A 
H B. IIpu nogaue Maciia B NonocTh A MOpMieHb ABHXKeTCA BHHS H, YCHJIHeM cep- 
BOMOTOPa NOBOpayHBaA MONAacTH KOeca, NpeoqomeBaeT TakxKe Hp aBAHVecKHh 
MOMeHT. IIpH mogaye Macsia B nomocTh B Maupiii UMJIHHIp OyzeT JBHraTbca 
BBepx. B STOM C.ly4ae PH paBMYeCKHA MOMEHT 6yJeT NOMOraTb yCusMI0 Ce€pBo- 
moTopa. IIpu TakoH KOHCTpyKUHU OCb MOBOpOTa ONAaCTH HAO CABHraTb K BBI- 
XOHOH KPOMKe, 4TOOBI THApaBsM4eCKHH MOMEHT JelcTBOBa Obl BCerja Ha 
3aKPBITHE. 

B paccMaTpHBaeMOH KOHCTPyKUHH KPbIMKOH cepBomoTopa (nomocTD A) 
CILY2KUT PasBUTHIK Paver Bata J. Tlonocth B 3akpbiBaeTca cBepxXy KPbILIKOii 2, 
K KOTOPOH MPHKPenAAIOTCA IWTaHTH, MoO_BOAAMHe Macwio. BoOsmbmaa onopa 
Wandbl JOMacTH B WaHHOM KOHCTPYKUHH BLINOIHeHAa B OTAMUHe OT OOBIMHO 
IIPHMCHAEMBIX OMOP CKOJIbKCHHA, HA NOMMMMHAKe KaveHuA (pomMKax), ycTa- 
HOBJICHHOM MK Jy KOJIbILOM 6 HW OypTHKOM Wandp 7. Davey sonacTu 9 coeqn- 
HAeTCA C Wandow 7 Gontamu 8. Jina BocnpHaTuA CKpy4uBalollero MOMeHTa, 
BOSHHKalomlero OT YCHJIMA Ceper Np MX HaKJIOHHOM NOJOKeHHH, Nopmenb 4 
HallpaBJIAeTCA WHJIMHApH4eCKHMH WinMOHKaMH J//. 

Kojeca NOBOpOTHOONAacTHBIX TYP6HH C ONHCAaHHbIM juddepeHunarbHbIM 
NopiiHem (6€3 POAMKOBBIX NOAUIMMHAKOB) IpHMeHamuch XTI3 wa pale ruzpo- 
TY POHH. | 

3alpOeKTHPOBaHHble B ONMCaHHOH KOHCTPyKUHU KpynHoraOapuTuble onop- 
HO-yMOpHble POJMKOBbIC NOAMWIMNHAKH KaveHHA CyULeCTBEHHO CHHKAaIOT MOMEHT 
Tpe€HHA M0 CpaBHeHHO C OGbISHO MPHMCHACMBIMH MO/MMANHAKAaMH CKOJIbKeHHA, 
BBINOJIHEHHbIMH B BHJe OPOH30BbIX BTYJIOK. 


KOHCTpyKQHH MexaHH3Ma Hopopota JonactTei Komec 
Ha NMOBDILICHHbIe Hanopbl . 


4UToObl MOXKHO ObIIO HCIOAb3OBaTh MOBOPOTHOMIONACTHbIe TYPOUHI pH 
MOBBIMICHHbIX Hanopax, HeOOXOAHMO YJIYULIHTb KABHTAlHOHHbIe KauecTBa 
STUX TYPOHH, UTO MO3BOJIMT HE OUCHb CHJIbHO 3aryQATb HX MO CpaBHeHH10 
C paaJIbHO-OCeBLIMH TYPOHHAaMH. YvIyulieHve KaBHTalHOHHbIX KauecTB J0- 
cTHraeTCH B NMepByio Ouepeb YBeJIHYeHHeM OOWeH NIOWatH NOBepxHOcTu 
momacTeH 3a CueT yBeJIMYeHUA HX KOMMYeCTBAa. STO, B CBOIO OUeperb, 3aTpyI- 
HACT PacnOJOKeHHE Me€XaHH3Ma IIOBOPOTa BHYTPH BTYJIKH Kovleca, Tak Kak 
OHO CONPOBOKLaeTcA yBeM4eHHeM KOHYeCTBa JeTaneH, KOTOpble Hao pacno- 
AOMKMTb BHYTPH BryKH [11]. Kpome Toro, mpH noBblmeHHOM Hanope pacTeT 
Harpy3Ka Ha JleTaJIH, UTO TpeOyeT yBeIH4eHHA HX raOapuTOB. Bce 9TO BBI3BI- 
BaeT HEOOXORMMOCTb YBeJIHYeHUA WHamMeTpa BTYJIKH Kovleca. 

C. I]. Muxanoscxuh [63] npeanomua aA NOBBINeHHEIX HamopoB mpu- 
MCHATb KONIeCO C JBYXMepOBbIMH MOBY KHbIMH JoNacTamu (puc. VIII.10). 
B stoi KOHCTpyKUHH Ha KaxKOM (plaHie pacnomaraetcs He OHO Mepo JonacTH, 
Kak B OObMHOM OHOPAHOH TypOuHe, a 1Ba nepa. Tlostomy AByKpaTHoe ysBe- 
JMyYeHHe 4HCIa WONacTeH He MPHBOAHT K YBeJIHYeHHIO 4HCa FeTaleh mMexa- 
HH3Ma Nopopota. Kayan Napa monacTe MOxeT ObITh BHINOJIHeHa LeAbHO- 
JIMTOH C OJHHM (piaHIeM WIM C AByMA OTbeMHbIMH JIonacTamMH. B WaHHO KOH- 
CTpykuHH Jonactu J wu 2 OTAMBAaIOTCA KaxKlad C NOMOBHHKOM (lana, 3aTeM 
NOC€ HEOOXOTMMOH OOpabOTKH OHH MPOUHO COEAMHAIOTCA B CMHYIO KOHCTPYK- 
ikHIO C MOMOILbIO CBapKu (OB 3 Ha pHcyHKe). 
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CocTaBHad KOHCTPpyKUHA Ooslee yROOHA WIA OTHBKH H O6pa6oTKH MOBepx- 
HOCTH JON acTeH, 4M LeEJIbHOJIHTAad C JBYMA NepbAMH, OLHAKO JIA Hee Tpe6yetca 
JONOIHHTeJIbHaA pa6oTa MO COeAHHEHHIO NOJOBHH JIoTacTeh. OctTasipnpie ne- 
Tai JOMaCTH KOwIeCa OCTaIOTCA TAaKHMH X%Ke, KaK B OOBIUHbIX OMHOPAMHBIX KOH- 
CTPYKILMAX. 

TlopopoT sonmacTe MOXKeT OCYILECTBIATBCA JOObIM MeXaHH3MOM. Ha 
plcyHke MOKa3aH BapHaHT MpHBowa 6e3 WiTOKa HM KpecTOBHHH. B jaHHon 
KOHCTPYKUHH *laHell JIoMacTeH coeqHHAeTCA C Wandow c NMOMOULbIO 6OTOB 
4 5. Boatsl 5 BCTaBAAIOTCA H3HYTPH, H3 ‘NoocTu BryKH. Llancda 6 umeer 
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mae, K KOTOPOMy NpuncoeqHHAeTcCA HakmOHHan ceppra 9. Jipyrow Konel 
CepbrH WiapHHpHO coeyqHHAeTcA NpoyulMHOH JO c MopiwtHeM cepBomoTopa /]. 
Kopriyc pa6ouero Kovieca 7 HMeeT BHYTPeCHHIOWO ONOpy C OTBEMHOHW KPbILUIKOH 8, 
KOTOPaA 3akpellisetca OouTaMu. -OTbheMHaA KpbIIlIKa mpenycMaTpuBaerca 
JIA BO3MOMKHOCTH COOPKH Wand C M€XaHH3MOM MOBOpoOTa. 

IIpuH pa3memlenuu nepa sonacTH NO OTHOIeHHIO K diaHWy Hu BHIOope ero 
Ppa3MepoOB HeoOxOHMO OOpalllaTh BHHMAHHE Ha NOMyYeHHe PaBHOLO paccTOAHHA 
{iiara) M@exKLyY MOMacTAMH TIpH pacueTHOM NOORKeHHH yrvia ycTaHOBKH. IIpu 
H3MCHEHHH YIJia yCTaHOBKH JONacTH ABYXMepoBOH TYPOHHbI War MexAy oMa- 
CTAMH, PaCIOJIOKEHHDIMH Ha PasHbIX *PaHwax, H3MCHACTCH, a WIA Mapbl ona- 
cTel, HAXOMAIMMXCA Ha OMHOM (blaHue, OH GyeT NOCTOAHHHIM. Takoe Hapyuie- 
HHe pacipeseseHuA MONacTeH NO OKPyXHOcTH padouero Kovleca pH Hepacuert- 
HbIX yrlaX yCTaHOBKH, Kak NOKa3aiM McceqOBaHHA B AaOopaTopun JIMS, 
HeSHaUHTeJIBHO CHM KAICT K. 1. J. 

KaBuTallHOHHble KayecTBa AByxnepBoro Kovleca, NO MCMbITaHHAM MOEN, 
OKa3aJINCb NpakTHYeCKH TAKHMH Ke, Kak HW Y OAHOPOAHOFO KOIECa IPH TOM xe 
WHametTpe BTyikuH. OjHako JIA OJMHAKOBbIX .NapaMeTpOB IpH AByXMepOBOM 
HCNOJIHEHHH KOeCa MOXKHO MNPHMeHATb MECHbINHH WWaMeTp BTYJIKH. CreqoBa- 
TCJIbHO, KaBHTAaIHOHHbIe KayecTBa KOIeCa B 3TOM CJIyuae OYAyT Ay4Me. 


391 


Tio gannpim C. II. Muxanosckoro, koleco yHametpom D = 8,5 m yas 
pa6oThl mpH Hanope H,,,, = 45 m Np OMHOPAHOM pacnoviowKeHHH sONacTeH 
(z = 7) Tpe6yeT BrymkKH KOeca AHaMeTpOM dy, = 4450 mm, T. e. dan = 

% 3600 | = 0,525D,; npnw yByxnepo- 
BOM paclOJIOKeHHH wJONa- 
cTehH (z= 8) OHO umMeeT 

“AWaMeTp BTYIKH dg, = 

= 3800 mm, T. ec. da, = 
= 0,45D,. Takoe ymeHb- 
uieHHe MHaMeTpa = BTYJIKH 

Koeca CHH2KaeT KaBUTalln- 

OHHbIH KOSPDUUMEHT O KO- 

neca JaHHOH ObICTPOXOHO- 

cTH Ha 0,05—0,1. Caenjosa- 

TEJIbHO, JIA KOueCa C JBYX- 
4g Me@POBbIM pacniomoxKeHHeM 
JonacTeH pH Hanope H = 
==45 M MOXKHO OyjeT yMeHb- 
WMTb 3arry6leHne Ha 2,0— 
-4am,. | 
[IpumMeneHue NOBOpOTHO- 
JOMaCTHbIX TyPOnH Ha Gowiee 
BbICOKHe HalOpbl 3aCTaBHJO 
Take MepecMOTpeTL IIpH- 
I  M@HABHIHECCAH KOHCTPYKILHH 

CaMHX MCX@HH3MOB- TMOBO- 

pota, 4TOObI, BO-lepBbIx, 
manne ee TK NY MOXKHO ObMIO pa3MeLaTb Me- 
X@HH3M NOBOPOTA B OTHOCH- 
TeJIbHO MCHbIUeM JiMamMeTpe 
BTYJKH Koeca H, BO-BTO- 
pbIX, OOeCneuHTb BO3MOX- 
HOCTb pa3BopoTa JIonacTen 
MpH MOBbINICHHBIX Harpy3- 
Kax OT yBeJIHYeHHOrO Hano- 
pa Boab. [lostomy nossBu- 
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pbluar pacnoarasca ropH- 
30HTAJIbHO B MJIOCKOCTH pac- 
‘MOO2KeHHA Land wonactTeH. 
B HOBOH KOHCTpyKUHH ero 
pa3sBepHy1H BHH3 NOZOOHO 
TOMY, Kak 3TO ObIIO Ce1aHO 
B ORHOH H3 MepBbiX CXeM, 
Puc. VIII.11. HosopornononactHoe pa6ouee Kkoseco yKaSaHHbIxX Ha Puc. VIIT.2. 
D, = 6,6 c KyJIMCHbIM MeXaHH3MOM C HaKJOHHBIMA Mpo- CoppeMeHHad KOHCTPyKUHA 
pesamMvH jin Hanopa H = 60 a MCX 4HH3Ma C KYJIHCHBIM yCT- 
: : polcTBOM (KOCbIMH mpope- 
3AMH) JIA MOBOPOTAa BOCbMH JlonacTeH KOjeca wHameTpom D, = 6,6 
npH Hanope H = 60 m noka3aHa ua pue. VIII.11. 
B sToH KOHCTPYKUMH KaxkAaA moNacTb J coeqMHAeTCA Cc Landon 2 u pHua- 
roM 4 C MOMOLILbIO CeMH O6OITOB 3 JHametTpom 150 wm. Phar omyuieH BHHS, 
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FTL. > SP: EB NAAN JlaCb HeEOGXONMMOCTb yBeNH- 
f IVA (Sg Ja Et A ueHHA Wieda pbluara Mexa- 
i/ WS \ 7 a Uj HH3Ma MoBopota. B npume- 
N AG EW haiN HABIUIMXCA KOHCTPYKUHAX 





H ero Navel, BCTaBJICH B NOJ3YH 5, paCNOJOKeHHbIM B KOCOH NMpope3H BOCbMH- 
rpaHHuka 6. BocbMurpaHHuk 3akpelweH Ha WiToKe 7 H HallpaBJAeTCA WHJIHH- 
apom J], ABMSA}OULMMCA YaCTbIO BHYTPeHHeErO NpHMBa KOpnyca BryaKH 10. 
Jina dukcauwuu NOOKeCHHA BOCbBMHIpPaHHHKa UH BOCIPHATHA CKPYHBalowlero 
MOMeHTa TIpeyCMOTpeHa WHJIHHApHyecKkan WnoHKa 9. Beepxy pacmowoxKen 
ILMJIHHp CepBOMOTOpa C NOpHeM 8. © | | 

Bolle yKa3bIBal0Ccb, 4YTO HeMOCTaTKOM JaHHOH KOHCTPYKUWHH ABJIAeTCA 
OTHOCHTEJIbHO Goble NOTepH Ha TpeHHe NoW3yHa O rpaHu mpopeseH, 4TO CKa- 
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Puc. VIII.12. MexaHu3m nosopota onmacteH c HaKNOHHOH cepbroi 


3bIBaeTCA Ha BEJIMYHHE TATOBOTO YCHJIHA (B T@HHOK KOHCTPyKUHH OHO AOJDKHO 
ObITh GONbILMM). OWHAaKO, IPH COBPeMeHHOHM TeEXHOJIOFHH NPOH3SBOACTBA MallHH 
3aTPYAHCHHA TPH M3rOTOBJICEHHH CTpOro HACHTHUHDIX TpopeseH WH rpaHew He 
ABJIAIOTCA CYLLECTBCHHBIMH. | 

M3 monepeyHoro pa3pe3a BTYJIKH BHJHO, 4TO MpOCcTpaHCTBO B MJIOCKOCTH. 
oceH MOBOPOTa HCHOJb3OBaHO MpaKTHYeCKH NOMHOCTHIO WH AOCTATOYHO JVIMHHbIC 
pblarH MOXKHO Pa3MeCTHTb TOJIbKO BeEPTHKAJIbHO. 

Ha pue. VIIT.12 uw VIII.13 noka3aHp Apyrue BapHaHTbI MeEXaHH3Ma TIOBO- 
pota nonmacTei C YJWIMHeCHHbIM PbI4aroM, HallpaBJICHHbIM BHH3, C KPHBOUWIMIIHbIM 
IIPHBOJOM, OCYIIECTBACHHbIM C MOMOLIbIO HaKJIOHHOH cepbru (puc. VIII.12) 
HIM WBOoMHOK nepenaun (puc. VIII.13). B koHcTpykuMu Cc HaKJOHHOH Cepbrok 
pbiuar / cCOeAMHAeTCA C NOMOIMIbIO HAKJOHHOHM Cepbru 2 c KpecTOBHHOH 3. Cepbra 
C KPeCTOBHHOH COeCAHHACTCA WHJIMHZPHYeCKHM WapHHpom 4. KpecToBHHa 
HallpaBAAeTCA BHYTPCHHHM IIPHJIMBOM Kopliyca Komeca. Ota KOHCTpyKUHA MO 
cBoeH cxeme 6oylee Mpocta, YeM NpeAbINylaA, H MOKET MPHMCHATHCA C PasJIH4- 
HOH JIMHOM pbluara, O6ycOBIMBaeMOH OVeEpTAHHAMH KOHyca padouero Koveca. 
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MexaHu3M Nopopota c ABOHHOK nepenayenH (puc. VIII.13) 6onee cromen. 
B 9TOH KOHCTPpyKILMH phar J COeMHHACTCA C NOMOLLbIO cepbru 2 c JByMeuHM 
pbluarom 3, 3aKpensIeHHbIM Ha WapHupe 6 B Kopnyce BTykH. Bropok Kone 
pbiuara 3 cOeHHAeTCA C MOMOLMLbIO cepbru 4 C NpoyuiMHOH KpecToBUHb! O. 
KpecToBpHHa HallpaBIaeTCH BHYTPCHHHM MpHJIMBOM KOpnMyca BTyJIKH. Ira 
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Puc. VIII.13. Mexanu3m nopopora onacteH c ABOHHOH Nepexayeh 


KOHCTPyKIUMA CO*KHA MO CBOeH CXeMe, HO 3aTO OHA MO3BOJIAeCT BLIOUPATh pas- 
JHUHbIC COOTHOMEHHA ed JBOHHOLO pbluara WH HadaJIbHble YIvIbl MCKAY OTeJIb- 
HbIMH 3BCEHbAMH H TEM CaMBbIM NOy4aTb Pa3sIHUHble 3aKOHOMePHOCTH H3MeCHeEHHA 
MNOBOPOTHOFO MOMEHTAa B 34BHCHMOCTH OT MOJIOXKeHHA MOMacTH HaHOosee wese- 
coo6pa3Hble yCuJINA CepBomMoTOpoB. JlOcTOHHCTBOM 3TOH KOHCTPyKIULHH ABJIAeTCA 
HajMuHe MeHbIUerO MOBOPOTHOrFO MOMeHTA, CKPYYHBAaIOWeTO KpecTOBHHy, 4eM 
B BapHaHTax C KYJIMCHbIM M€X@HH3MOM H HaKJIOHHOM CepBrod. 


I} pHHUMNHaIbHble CXeMbI Me€XaHH3MOB oBopoTa sonacTeH 


OnucaHHble BbILe BapHaHTbl KOHCTPyKUMH Me€XaHH3MOB MOBOpOoTa MOryT 
ObITb CBeJCHbI K NATH TPHHUHNWAaIbHbIM BapHaHTaM (Ba C KYJIHCHbIM NpHBo- 
OM HU TPH — C KPHBOUHMHBIM), NOKa3aHHbIM Ha puc. VIII.14: 

1) KpHBOWMNHbIM MeXaHHu3M Cc BepTHKasbHoH cepbron (puc. VIII.14, a); 

2) KYJIMCHBIM M€XaHH3M C TOPH3OHTAJIbHBIMH Mpope3sxAmu (puc. VITII.14, 6); 

3) KYJIMCHbIM Me€XaHH3M C KOCbIMH Mpope3samuH (puc. VITI.14, @); 

4) .KPHBOUIMMHbIM MCXaHH3M Cc HakJIOHHOKM ceppron (puc. VITII.14, 2); 

5) KPHBOMMNHbIH M€XaHH3M C JBOHHOH nepenayeh (puc. VITII.14, 0); 
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AHanu3upya CXeMbI 3THX MCXAaHH3MOB HW pacCMaTPHBah XapaKkTepHylo LWIA 
HHX 3a@BHCHMOCTb MexKy ycuHeM P, uw CO3aBaeMbIM MOBOPOTHbIM MOMEH- 
ToM M,, MO%KHO ycTaHOBHTb, 4TO Aid BapHanta (puc. VIII.14, a wu 6) KpuBo- 
IWHMHOTO IIpMBoa MW KYJIMCHOTO C FOPH3OHTAJIbHbIMH Mpope3sAMH BeH4HHA 
ycuua P, 6e3 yueTa TpeHuA B 3BCHbAX MeXaHu3Ma, OyAeT paBHa 


Mp 
; 3 
Lp sin & 


P, = (VITT.1) 
rye 1, — mneyo pbluara slomacty; 
a@ — yroul MexKy Cepbrok H pbluaroM. | 
B Takux cxeMax yroul @ BbIGupaeTca 6u3KHM K 90°, NOsITOMy MOTpebHOe 
ycuulue 6y eT B OCHOBHOM 3aBHCeTb OT JWIMHBI ppluara J,. Tak Kak pbuar pac- 





Puc. VIII.14. paununuanbuas cxema IpHMeHeHHA Mexa- 
HH3MOB MOBOpOTa JOMacTeH 


mOJaraeTcA B rOPH3OHTaIbHOH MIOCKOCTH, rye ceyYeHHe OrPpaHHYeHO JHaMeTPOM 
BTYAKH, JMHHa pbluara He MOET OnITh OOJIbHION. 

B KyJIMCHOM MeXaHH3Me Cc KOCchIMH Mpopesamu (puc. VIII.14, 6) pbrmar 
JONACTH HanpaBJeH BHU, WJIHHa ero He OFpaHHUHBaeTCA OTHOCHTEIBHO MAJIbIX 
pasMepoB AHameTpa BTyIKkH. Ycusue P, 6e3 yueTa TpeHHA OyAeT paBHO 


Mp sin & 


Y= Te costar @)’ 


(VITT.2) 
rye &@ — yroul HakJOHa NpopesH; 

( — yroul HakjoHa pbluara. 

Yrou Haks0Ha pblyara axe B KpaHHuX MOMORKeHHAX HEBeIHK (+5—10°). 
Yro HakiOHa. popes MOKHO BbIOHPaTh B Mpexenax 30—60°. OtTHomeHHe 


sin & 
cos(a pq) & S4BHCHMOCTH OT BhIOpaHHOTO B KOHCTPYKUHH 3HaveHHA yruia @ 
NIpHHUMaeT CIeAYIOUIMe 3HaYeHHA: | | 
Oo sin & 
. Co — en Le 6: 
Ps 30 cos (a + q@) 0,6; 
sin & 
npu a =60° —~___~ = 1,7. 
cos (a + @) 


IIpu yrae HakjoHa mpopesu a = 30° noTpe6yeTcs MOUTH B TPH pa3a MeHbILe 
ycunue P, Ii CO3,aHuA NOBOpOTHOrO MomeHTa M,, 4em pH yrae a = 60°. 
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CyieqOBaTeJIbHO, B KYJIHCHOM MC€X@HH3Me C KOCbIMH I1pOpe3HiMH HMEIOTCH GOOvIb- 
He BO3MOXKHOCTH YMCHbINCHHA BeEMYHHEI CHIbI P,, HO Ip 9TOM OyJeT yBe- 
JIMUHBATbCA XO CeEPBOMOTOPa. 

B KPHBOIWHNHOM MeXaHH3Me C HaKJIOHHOH -cepbroH (puc. VIII.14, e) 
pasMep pbl¥ara TakxKe He JIMMHTHPYeTCA AHaMeTPOM BTYyJIKH, Tak Kak pbluar 
HanpaBseH BHH3. BetnunHa ycusua P, 6e3 yueTa TpeHua OyjeT paBHa 


Mp _ cosB 
Ly “sin a? 








P,= (VIII.3) 


rye @ — yrow MexKy cepbronw H pbyarom; 

Si — yrow Hak#OHa CepbrH. 

B 9sTOH cxemMe yJVIMHeHHeM pbi¥ara yBeJIHYeHHeEM HakjOHa CepbrH B 
MOXKHO YMCHbIUHTb NOTpeOuHoe ycumne P, NpH 3aqaHHom M,. Yron a mexyy 
cepbroH H pbl4aroM M@JIO BJIMAeT Ha BeAHUHHY nepemapaemoro ycuaua. Cie- 
JyeT OTMETHTb, 4TO KPHBOUWIHNHbIM MCX@HH3M NOBOPOTAa C HaKJIOHHOH Cepbron 
H KYJMCHBIA Me€XaHH3M Cc KOCbIMH IIpOpe3HMH HMECIOT MOBBIMICHHbIC MOMEHTHI 
TPeHHA NO CpaBHeHHiO C OOLIYHBIMH KPHBOLWIHNHbIMA MC€X4HH3MaMH, Ha lipe- 
OfoueHHe KOTOPbIX HeOOXOJHMO 3aTpauHBaTb oOnpesenenHyto pa6ory. 

MexaHu3M nopopota c ABOHHOHK nepegayen (puc. VIII.14, 0) umeer pnimar,- 
HanpaBJICHHblId BHH3; ero JJIMHa He OFpaHH4HBaeTCA AHaMeCTPOM BTYyJIKH KO- 
jeca. Kpome Toro, OH JaeT BO3MOXKHOCThb IIPHMCHCHHA Pa3HbIX Pa3MepPOB Ney 
pbluara WH yrJIOB Me@xKAy 3ICEMCHTaMH MexaHH3Ma. BeHunHa ycusmna P, 6yAeT 
paBHa 

pia NP, £088 sin (VIII.4) 


lL, R sina siny 


rye Rwur— new ABOHHOrO pbiyara; 

a, B, y H tp — yrvibl MexKAy 3BCHBAMH MeCXaHH3Ma. 

XapakTepHbIM JIA JaHHOH CXe€Mbl M€X@HH3Ma ABJIAeTCA HE TOJIbKO BO3- 
MO2KHOCTb H3MCHCHHA B WIHPOKHX lipesxewax BeJIMUHHbI YCHAHA AVIA TaHHoro 
NOBOPOTHOrO MOMeHTA, HO H BO3MOXKHOCTh NOMYYCHHA Pa3JIMUHbIX TATOBbIX 
YCHJIMH B 3aBHCHMOCTH OT TomoxKeHuA JOonacTH. JlanHHaan cxeMa MeXaHH3Ma 
noBopota Tpe6yeT yJVIMHeEHHOTO KOpiyca BTYJIKH H ABJIAeTCA Oolee C1O%KHON, 
¥eM Ipejbilyliaa, 10 cBOeH KOHCTPpyKUMH. BeneaqcTBHe JONOAHHTeABHBIX LWiap- 
HHPOB MOMCHT TPeCHHA B TaKOM KOHCTPyKUHH OyeT OOMbIIHM, 4M B OObIUHOM 
KPHBOIWIMNHOM MeCXaHH3Me. © | 

B cyllecTByIOUlHX THMaxX KOeC C NOBOPOTHbIMH JIOMaCTAMH Pa3Mep BTYIKH 
Kouleca OpeweAeTCA B OCHOBHOM MOTPeOHOCTbIO Pa3sMeLCHHA B HEM KOHCTPYK- 
IMM MeXaHH3Ma Nopopota sonacteh. [I[poektupoBaHHe MexXaHH3Ma MOBOpoTa 
monacTeH OOBIMHO pacnomaraeTcA Ha Ba OCHOBHbIX B3A€HMOCBASAHHbIX 9Talla: 
3akpenmeHHe onacTeH BO BTyJIKe H OOecneyeHHe UX Pa3sBopota. 

Tipu nepexoge Ha BbICOKHe HaNOpbl BO3pacTaloT AeHcTBy1oMulve Ha pabouee 
KOIeCO Harpy3KH, B TOM 4UHCe H THApaBsMueckHe MOMEHTHI. [lostomy 1A o6ec- 
NeveHHA Pa3sBOpOTa JOMNAaCTH HYXKHbI OOJIbUIMe YCHIMA CeEPBOMOTOPA, KOTOPbIe 
MOryT ObITh MOJYYeHbI 34 CYeT YBEIHYEHHA THaMeTpa CeEPBOMOTOPA HJIM yBe- 
JIMUCHHA aBIeHHA Maca B CHcTeme peryupoBaHua. Ho yBemwMueHHe ycHJInA 
TpeOyeT MPHMeHeHHA JeTameH MCXaHH3Ma NOBOPOTA OO/IbIHX Pa3MEPOB Hi ce- 
YeHHH, a 3TO BeeT K HEOOXOAMMOCTH YBEJIHYCHHA THaMeTpa BTYJIKH. 

Jina yYMeHbIIeHHA NOTPeOHbIX YCHAHH UH, CIeOBAaTeJIbHO, YMCHbINeHHA pa3- 
MepoOB JleTaseH M€XaHH3Ma NOBOPOTa HW WHaMeTPa BTYJIKH CHeELyeT NPHMeCHATh 
Me€XaHH3M NOBOpPOTa C JIYYWIHM NepeaTOUHbIM OTHOWICHHEM OT CepBOMOTOpa 
K JIOMacTAM. 

B KavectTBe IIpHMepa IIpHBeeM TakHe aHHHIe. Typouny C NOBOPOTHbIMH 
AOMaCTAMH, C AHamMerpom Koyeca D, = 6,6 “ wu BTyAKOH dz, = 0,545D, 


396 


C YHCIOM JONacTeH z = 8u c OOBMHbIM KPHBOUWIMNHbIM MCXAHH3MOM IIpHMeHWIH 


ya Hanopa H = 50 m. Taxyto xe Typ6uny, 
MOBOpPOTa, OKa3a0Cb BO3MOXKHbIM INIPHMCHHTb 
3TOM. MHHHM@JIbHOe JaBeHHe MaCJla WWIA pas- 
BpopoTa jomacTteH Oblwio0 paBHom 13,0 xKI/cm? 
BMecTo 18,5 B nepBoM cJly4yae. 

Bowpwuioe BIMAHHe Ha BBbIGOp AMameTpa 
BTYIKH MM€e€T KOHCTPYKUHA AOMacTH. Oka3bi- 


BaeTCA, YTO MpH OTBEMHOH Wane Tpe6yiotcs 


OTHOCHTCJIbHO OOJIbuIMe TaGapuThI BTYJIKH, Tak 
Kak BO BTYJAKe HeEOOXOAHMO paCNOJIOKUTh Ie- 
Tad KpenweHua Wand Cc AOMACTbIO.- 

TlpumMepHbie 3HaYeHHA HamMeTpa ’ BTYJIKH 
paOovero Koeca JIA Pa3HbIX HaMoOpoB H KOH- 
CTPYKUHH MOKHO BbIOpatp No Taba. VITL1. | 

H3 Ta6uWbl BHAHO, YTO B CAy4ae NpHMeHe- 
HHA WONaCcTH C OTbeEMHOH Wandon HeoOxogyH- 
MOCTb Pa3MECINCHHA COOTBETCTBYIOLIHX Kpenue- 
HHH BeyeT K YBeJIMYeHHIO JHaMeTpa BTYJIKH KO- 
neca mpumepHo Ha 0,05D,. 


HO C KYJIMCHbIM M€X@HH3MOM 
ain Hanlopa H = 60 om, mpu 
Ta6auua VIII! 


Pasmepbl 4HaMeTPOB BTYJOK 
pa6ounx Koviec 





dom/D1 
B KOHCTpyKUHH 
Hapa 
| Ges oTbemal ¢c OTbeMOM| 
wonacteH | mofnacteh | 
35—40 0,49 | 0,54 
40—50 0,51 .| 0,56 |. 
50—60 0,53 | 0,58 
60-—-70 0,55 0,6 


Cma3ka H yiJOTHeHHe MeXaHH3Ma NoBopota sonacteit 


Bo Bcex COBpeMeHHBIX TypOHHaX C NOBOPOTHBIMH JOMacTAMH CMa3Ka MeXa- 
HH3Ma MIOBOPOTa OCYHIECTBIAeTCA MACJIOM, HAXOJALLHMCA B CHCTeMe pery/1H- 


poBaHua. HekorTopbie 3aBoJbI 
HIECTBJIACMYIO TIPH MOMOLLH 
NOPUWIHeEBbLIX HaCOCOB, CBA3aH- 
HbIX C KPe€CTOBHHOH H Mojalo- 
UlHX MaCJIO NMe€pHOAH4eCKH TIpH 
JIBH2KCHHH KpeCTOBHHbI K TPpy- 
IMMMCA MOBepXHOCTAM and 
JonactTeH. 

B Koxctpykuuax JIMS nu 
XTI3 cmas3ka ocyimecTBAAeTCA 
Ne€pHOAM4eCKH MaCJIOM, MpoHH- 
KA@IOLUHM 4epes 34a30PbI BO BTyJ- 
Ke IITOKAa H3 WHJIHHApa CepBo- 
MoTopa. JIA pa3srpy3kH 0- 
JIOCTbh BTYJIKH cepBOMOTOpAa 
cooOmeHa Tpy6KOH CO CJIMBHbIM 
pesepByapoM, pacioJIOKeHHbIM 
B MaCJIOMNPpHeMHHKe Hak reHe- 
PpaTOpOM, MOSTOMY aBJIeHHe BO 
BTYAKe€ paBHO cTaTH¥eCKOMy 
Hanopy cToi6a  %#xHAKOCTH 
(1,5—2,0 amm). [na ynaor- 
H€HHA BTYJKH OT MIPpOHHKHO- 
BeCHHA BOJbI B Hee H WIA Tipe- 
OX paHeHHA OT MpOTeuKH MacJ1a 
HapyXy MpHMeHAIOTCA CIiellH- 








TE Y 
Ce 


NPHMCHAIOT MPHHYTHTeIbHY!O CMa3Ky, OCY- 











Puc. VIJI.15. YWnooorsesua sonactreii mMaHxerHoro 
THIa (YacCTHYHO CheMHOe) 


aJIbHbIe YMJIOTHEHHA, TMOMeLICHHbIe OOLIMHO MeK]y laHWaMH somacTeH u 
KOplycom pa6Oouero komeca. CMa3Ky M€XaHH3Ma NOBOPOTa MOKHO MpOciesuTh 
no pue. VITI.11. Macao 43 Hu xKHeH NOMOCTH LHHHApa CepBoMOTOpa NPOHHKaeT 
10 3a30py MexKy HITOKOM H BTyJIKOH B NomocTb /3, OTKYAa OHO MocTynaeT 
K BTYJIKaM BHYTPeHHHX H HapyKHbIxX ONOp Land onacTeH HW K ONOPHbIM MOBepx- 
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HOCTAM PblUaroB WH Jalee B MONOCTb BTYJIKH paOouero Komeca 12, KOoTOpas. | 
cooéujaetca TpyOKon /4, NpOoxosAuleh BHYTPH LITOKa, C KOJIbILeBbIM MpOcTpaH- 
cTBOM /5 BHYyTpH Bala. IlocneqHee BBeEpXy COEAHHAECTCA CO CJIHBHbIM pe3ep- 
ByYapoM MacJloIIpHeMHHKa. Macao, Haxoyauleeca BHYTPH pa6ouero kKoweca, 
MOXKET BbITEKAaTh Yepe3s 3a30PbI MeEKAy WancdamMu MonacTeH H HX ONMOpaMu. 
Ora nmporeyka oco6eHHO onacHa NO KOHTypy dlaHua slomacTu, pacnowoxeu- 
HOO HH2Ke OCH MOBOPOTA, .TaK KaK 3a JIOMaCTAMH padouyero KOeca OOBIYHO Cy- 
WuecTByeT paspexenne. B BepxHew 4acTu diaHiles (Hal JomacTAMH), rae Bosa 
HaxOJUTCA NOX aBJIGHHeM HpH NOBBILeHHbIX Hamopax, NPeBOCXOMALINX aB- 
JleHHe BHYTPH Ppabouvero KOJIeca, BOSMOMKHO TaKKe NPOHHKHOBEHHE BOJbI BHYTPb 
BTyIKH. Ilostomy ynwoTHeHHe diaHueB moNMacTeH, OObIYHO pacnomaraeMblx 
| Ha HX NepuepuHu, AOWKHO paboTaTb 
B YyCJIOBHAX H36bITOUHOrTO aBJeHHA 
BOJbI Hall JONAacTAMM HW paspxAxKeHUA 











SS 


2 Y, CHH3y HX. 
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rHIpOTypOHH IIPHMeHAJIHMCh  pasHbie 
KOHCTPyKUHH ynvioTHeHuH. Onu onH- 
CaHbl B MepBOM H3JaHHW HacTosAtler 
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Ss mMoHorpadun. Bosee wenecoo6pa3Hbim 
HA OKa3aJIOCb YaACTHYHO ChCEMHOE MOHTAK- 
Sa ee Hoe yIJIOTHeEHHe, NOKa3saHHoe Ha pHc. 
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VIII.15. 

B 93TOM YIVJIOTHCHHH B CielHaJib- 
HbIX rHe3zax Kopnyca J paOoyero Ko- 
jieca yCTaHOBJICHbI BHHTOBbIC NpyKHHbI 
cmKaTUA 2, YCHJINe KOTOPbIX BOSJICHCTBY- 
eT Ha CTaIbHOe IPHKHMHOe KOJbILO J, 
KOTOPOe MOET MWepeMellaTbcwA B paH- 
| . aJIbHOM HalipaBleHHH. B KOJIbILeBOL 
eed Y MM ea ene (una BLCOKAX a3, O6pa3s0BaHHbI OMacTbio 4 HW KOp- 

" yaropop) mycoM /, yJlOx%KeHbI YeTLIpe KOMRAaHbIe 
| JIM Pe@3HHOBbIe MAaHXKeTh 9, KOTOppIe 
3aKaTbl CTaIbHOH KPbILIKOH 6, IpPHKpemmeHHOH K Kopnycy OonTamu 7. YnJoT- 
HEHHE 3aKPbITO CTAJIbHbIM KOMKYXOM 8, NPHKPeNJICHHbIM BHHTaMH 9. Jia Toro 
YTOOLI KpbiUKky 6 H KowKyxX 8 MOKHO G6bIJIO CHHMATD, OHH BBITIOMHAIOTCA Pas beM- 
HbIMH Ha HeCKOJIbKO YacTeH. SameHa MaHxKeTH 5 6e3 cheMa OMacTH Oy WeT BO3- 
MOXKHA, CCJIH OHO 6Y eT AOCTATOUHO JJ AaCTHYHbIM JIA HAaeBaHHA Yepe3 NONACTh, 
B IIPOTHBHOM CJly4¥ae ero HajlO CKJIGHBaTb Ha MecTe ycTaHOBKH. [ipHxxuMHOe 
KOJIbILO 3 HW KPbIKa 6 HMeeT TAKOH NpoOdub B MecTe CONPAMRECHHA C JIOMNACTAMH, 
YTO KOJIbILa MOTYT PaCKJIHHHBAaTbCA, IPHKUMAACh K CTeHKaM Masa. Jia xopo- 
ero yYNJOTHEHHA HEOOXOAHMO TakxKe NOCTATOUHOe YCHHe NPHKHMAa HW YHCTAaA 
oOpaOorKa CTeHOK 11a3a B MeCTAX CONpAKeHHA C MaHKeTaMH. STO yMoTHeHve 
MpOcTO MO KOHCTPYKILMH, HMeeT HeOONbUIOe KOMHYECTBO AeTaleH, He TpeOyeT 
MHOrO MeCTa JIA CBOeH ycTaHOBKH. HegocTaTKOM ero ABJIAe€TCA HEBO3MOXK- 
HOCTbh 3€MCHbI TIpyxKHH O6e3 BbIeMa JIOMNAaCTH, TaK KaK MPHXHMHOEC KOVJIbILO 
W€JIbHOe H MOSTOMY He CBeMHOe. © | 7 | 

Eme Oonee wenecoo6pa3Ho BOHHOe ynOTHeHHe, MOKa3saHHOe Ha 
puc. VIII.16. Ono Tak»xe ucKs104aeT BO3MOXKHOCTL MPpOHHKHOBeCHHA BOJbI 
BHYTPb Koveca. 


2. CHJIOBBIE XAPAKTEPHCTHKH PABOUYETO KOQJIECA 


Jia pacueta Ha NpOUHOCTh JIONacTeH KOpNyca BTYJIKH, JeTaleH M€XaHH3Ma. 
NOBOpOTa H CHCTEMbI NPHBOa HEOOXOAMMO 3HaTb Harpy3KH, JeKCTByloulHe Ha 
AonacTH padouwero kKoveca. | 
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PuaposqwHamuyeckue Harpy3skH 


[Ip onpexeneHuu Harpy30K, JeHcTByIOulMx Ha JlomacTH paOouero koweca 
B pe3sybTaTe OOTeKAaHHA HX MOTOKOM BOJbI, JO NocweqHero BpeMeHH HCXOAMJIH 
3 YMpOmumeHHOrO MpesNooKeHHA, YTO OHH MIPHBOAATCH K PaBHOJeHCTBy- 
louleH — NowbeMHOK cune P, NpHOKeHHOH B WeHTpe WaBeHHA JOMAaCTH Ha 
paguyce r (puc. VIII.17). Sra cua Aaer oceByto cocTaBAloUly!Io P, W OKPyxK- 
nyo P,,. [Ipouspegzenne cup P Ha neyo e WaeT ruyqpaBsMueckui MoMeHT M,Pe 
IipousBenzenne cunb P, Ha payuyc r Maer KpyTamMh Moment. LlenTpo6exHaa 
cua P,, IpHaoKeHHad B IeCHTpe TAXKECTH CHCTEMBI JOMacTH Ha payuyce R,, m, 
ee pacTAHruBaet. | . 

B cBa3H Cc CO3qaHHeM Bce Oosee 
MOULHbIX TYPOHH Ha MpeeJIbHbIe 
lap aMeTPbI BOSHHKJ1a HEOOXOAHMOCTb 
6omee TOUHOTO ONpeyeneHHA enCcT- 
BYIOWMX Ha JomacTH Harpy30K. Cxe- 
Ma CHI, MoKagsanHaag Ha puc. VITI.17, 
6yleT cmpapeIuBa IA MOCKOH 
JonactH. B eHCTBHTeJIbHOCTH JI0- 
MacTb IpelcTaBAeT CO6OH MpocTpan- 
CTBEHHOE TeJIO, OAM3KOE K FEIHKOW]LY. 






Pasbeprymoe Ha nnocrocm 
uununOpuvecKoe cevenue 
rz =const 


Ocb nobopoma 
fonacmu 





Pue. VIII.17. Cxema cual, AeHCTByIOUIHX Ha Puce. VIII.18. PacnonomwenHe Harpy30K, 
NNOCKYIO NOMacTh padouero KOseca -WeHCTBYIOWIHX Ha AelcTBHTeAbHYIO JIOMAaCcTb 


TlosToMy CHJIbI JaBJICHHA Ha OTJEJIbHbIe 9JIEMCHTapHble NIOWAaiKH MOBepxX- 
HOCTH JOMACTH CO3alOT MpOCTPaHCTBeHHY!O CHCTeMy HeNapaJebHbIX Jpyr 
ipyry cua. B stom calydae Np NpHBeeHHU CHCTeMbI CHI HeEH3OE%KHO BOSHH- 
KaeT 4 MOMeHT. [HApoaHHamMuyeckhe Harpy3KH Ip paBHOMepHO paciipeseen- 
HOM JaBJICHHH Ha JIONaCTb NPHBOAATCA K TpeM CH1aM, TIPpHJIOKEHHbIM B Pa3Hbix 
TOUKaX CeYeHHA WOMACTH, Kak 3TO NoKa3ano Ha puc. VIII.18. 

SHaveHHA OPAHHAT cueqywoulHe: | 


Dy 1— Gal sin B 








Sco (len a (VIII.5) 
D, : 

_ D - dem B 
X= 53 (1 — en) 7 (VIII.6) 


rye D, — Auametp padoyero kKoveca; 
dam —- WMaMeTp BTyKH pa6ouero Koveca; 
fp — NOJOBHHA yrvla OXBaTa JIOMacTH B Mane. 
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Koopavuata x, Bcerfa OOvblle X,9, PasIH4YHe HX BOSpacTaeT MpH yBe- 
amMueHHH f. 
Ha fonmacTb B-COOTBETCTBHH C PHCYHKOM 6yAyT JeHCTBOBaTb Harpy3Ku: 


Pz = Pro} Py = Py; 
Pr= 0, My #0; | (VIII.7) 
M,=0; M,+ 0. | 


Mx BeJIMUHHbI MOryT ObITh NOACUNTAaHbI TeOpeTHYecKH. B AeHcTBHTebHOCTH 
JlaBeHHe Ha JIOMaCcTh He GyeT PaBHOMePHO paCHpeesIeHHbIM H, KpOme TOTO, 
NOMACTbh He ABJIACTCA FeJIMKOHOM, NOSTOMY PaCUeTHbIM NYTeM NOMYUAMTh HHTer- 
PaJIbHbie XapaKTepHCTHKH HarpyXeHHA JOMacTH TpyHO. 

TIpaxtTuyecknh pacnpefenenne aBleHHA Ha JIOMaCTH WH BeMHUMHY OceBO 
cub! P,, ONpeeIAIOT S9KCNEPHMCHTAJIbHO B WabOpaTOpHH Ha MOMeNN, HCCIeEnyA 
CHJIOBbIe XapaKTepHCTHKH paOounx Koviec. MeToqHKa ONpeyeeHHA CHOBbIX 
XapaKTePpHCTHK paOoyero Koeca u3oxeHa M. B. Dyumnnim u B. C. Maxa- 
posbim [28]. 

DuapaBlnueckHh MOMEHT, neficrBy1ouluii Ha jlomacTb padoyero Kovieca, 
ONpeyesAeTCA C NOMOMLbIO TEH3OaTUMKOB NO BeIMYHHE AesopMalnh cKpyyu- 
BaHuA Lando. Jia sTOrO MONAacTh NPHKpenAeTCA K CNeWHAaJIbHOW YVIMHEHHOH 
lance, H3rOTOBJICHHOHW H3 MaTepHasia, OOecleyHBalolero OTCYTCTBHE OCTAaTOU- 
HbIX RedopMaluH. Ten30aTaHKH C NOMOLMLbIO NPOBOAOB, MpOXOAAWHX BHYTPH 
Balla, H TOKOCbeMHOrO yCTPOHCTBa MPpHCOeCAHHAIOTCA K 3JIEKTPHYeCKOMY H3Me- 
puTeio JedopMauHnh. Onbirbl CBHeTeEIbCTBYIOT O TOM, YTO NOrpellHOCcTh MpH 
3amMepax THApaBsM4yecKOrO MOMeHTAa Ha MOJeH He NpeBbiaeT 1O—15%. 

Ocesoe jaBmeHue P,, WecTByroulee Ha paOouee KoeCO MOEN, ONpere- 
iaeTcA B JladopaTOpHH NO AesopMallMH CNelHabHbIX OaoyeK, Ha KOTOPbIX 
yKpenJiaeTcA MATa, NOAMepKHBAaIOWaA BpalilaolwlMucA poTop TY POMHEI. Jle- 
dpopmMauna Ganouex ONpesesAHeTCA AHAMOFHYHO C MOMOLL[bIO MPOBOMOYHbIX aT- 
4uHKOB. IlorpeliHOCcTb H3MepeHHA OCeBOrO aBJICHHH He MpeBbIllaeT 3—5%. 
O6bINHO HPOHSBOAAT 3amMepHI NpH 7—8-yraax ycTaHOBOK JlonacTefi pabouero 
Koleca. [IpH KaxKOM NONOKeHHH JONacTeH ucclexyioTcA 5—6 OTKpbITHH Ha- 
npaBsAioulero aniapaTa IPM PasJMUHbIX YHC1aX O6OpOTOB B npezemax pa6bo- 
4eH 3OHbI YHHBeEpCasIbHOM XapakTepHCTHKH. CeyoBaTeAbHO, THApaBaMueckHe 
yCHIMA 3amMepsiotca B 200—300 pexHMHBIX TOUKAX B WIMpOKOM JHama3z0He 
pa6oTh TypOHHbI IpH COXpaHeHHH KOMOHHATOPHOH CBA3H HW C HapylWeHHenM ee. 

Pe3ybTaTbl HCCeOBaHHH MOJeIM BbLIPaxKaloT B Ge3pa3MepHbIx MpHBeeH- 
HbIX BemM4uHHAaXx P,,. OceBoe ycusHe 6yeT paBHO 


P= P, = P,,DiHy. — (VIIL8) 


[Ip u30roHabHbIX PexKHMAaX TIPHBeAeHHbIe YCHAHA OCTAIOTCA HeH3MeH- 
HbIMH JI AaHHOM CepHH reoMeTpHuecKH NOAOOHIX TypOuH. BemuunHa camoro 
OceBOrO YCHJIHA JIA pa3Hbix TYpOuH STOH cepHu 6yneT NpONOpuHOHaIbHa 
KBajipaTy HaMetTpa KOJIeca H TepBOH cCTeleHH Hanopa. 

PesyJIbTaTbl HCIbITaHHH B naOopaTopun HaHOCAT OObIMHO B OpAMHaTax Q, 


Hn, B BAe KPHBbIX PaBHbIX 3HaYeHHH NPHBeAeHHbIX yCHAMH P,, KOTOPbIMH 
MOb3YIOTCA JIA pacueTa JeHCTBUTeIbHLIX TYpOHH. 

Ha pue. VIII.19 u3s06paxeHbl KpHBbIe NPHBeJeHHbIX MOJHbIX FHApaBJn- 
uecKHX ycHaHi P,, NelicTBytOulHX Ha OAHy. AONacTb pabouero Koveca [LJ1587, 
H MX OCeBbIX COCTaBAAIOMNHX PP), AeHCTByIONLHX Ha BCe JIoNacTH. 3yecb No- 
Ka3aHbi He OespasmepHble BeHuHHI P|, cormacno dopmyve (VIII.8), a pas- 

Pz | 
DiH 


MePHble BeJIHUHHEE P, = 
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XapakTep KPHBbIX aHaNOTHyeH AA BCeX THNOB KOsIec. M3 KpHBHIX cue- 
yet, YTO IPH KOMOHHATOPHEIX pexKHMAaX paboOTHI TYPOHHbI C yBesIHYeHHeM IIpH- 
BeeHHOFO pacxoga Q, H COOTBeETCTBeEHHO yrla yCTaHOBKH ONacTeH @° BesH- 
dqHHa NpHBeseHHOrO OceBOrO AaBJenva P,, CHM2KaeTCA HW yBeMYMBaeTCA pH 
pocTe HpHBeseHHbIX. O6OpoTos. 

MakcMaJIbHoe 3Ha4eHHe OCeBOTO JaBeHHA Oyler NPM MaJIbIX yrax ycTa- 
HOBKH sonacTe. CrelyeT 3aMeTHTb, YTO 110 SKCHEPHMCHTAJIbHbIM JAHHBIM TIpH 
HeCH3MeCHHBIX YraxX YCTaHOBKH sonacTeH Ha MponenepHbIX pexKHMaX BeJIN- 
4uHHa OCeBOrO yCuuHs C pOCTOM. NpHBeeHHOrO YHCJIa OGOPOTOB yMeHbUIaeTCA. 
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Puc. VIII.19. pusenennoe ocesoe Hap aBauyecKkoe ycHiHe Pico nelicrsyiouree Ha Bce JIO- 
mactTv, H NomHOoe Py , HelicrByroulee Ha OJHY s0MacTh KONeca I1JI587. 


BesIHuHHY OKpyKHOrO ycHHaA P, HeNOCpeACTBeHHO H3 SKCIepHMeHTAa ONDpe- 
JeIHTb Heib3A. TloatomMy ero HaXOAAT PaCu4eTHLIM HYTEM, CUHTAA, UTO TOUKH 
npHaoxKenna P, uP, COBNaawT. 3HaA MOWLHOCTb H YHCIO OOOPOTOB H YCJIOBHO 
OTHECA 9TO YCHIHe K CpeqHeMY ILWJIHHApHyecKOMy: CeyeHHIO, JeAMeMy Nono- 
JlaM KOJIbILEBYIO MIOUaAb MeKAY HapyXKHbIM AHaMeTpOM JoMacTeH HW WHaMeTPOM 
BTYJKH, OyeM HMeTb 


p,— N_ — 3, & pay — (VIII.9) 


[IpHpexenHoe OKpy2KHOe ycHuMe 6yyeT paBHO 


(Py __-B0mDy a 





lu = (VIIT.10) 
Us (pOpMyJIbI CleayeT, UTO OKPYy2XHOe yCHwIHe pacTeT c yBeH4eHHeM IIpH- 
BeJICHHOFO pacxofa H NaqaeT C pOCTOM NpHBeAeHHEIX OGOPOTOB. 
B cBx3H C TeM, YTO MPH KOMOMHATOPHOM pexXKHME BeIHUHHA NPHBeLeHHOTO 
OceBOro AaBleHHA P), CHH2KaeTCA IPH pocte IpHBeAeHHOrO pacxoda H pacTer 


C yBesIH¥eHHeM npHBefeHHEIX OGOPOTOB, a BEAHUHHA IIpHBeJeCHHOLO OKpy2KHOrO 
ycHua P,, pacter c yBeJIH¥eHHeM NpHBeeHHOTO pacxOja H MaaeT c pocToM 
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MIpHBeeHHbIX OOOPOTOB, MOIHOe TIpHBexeHHOe THApaBsNyeckoe ycusHe 


Py =V P2+ Pra, (VIII.11) 

MO2KeT HMCTb Pa3JIHUHbIH XapakTep H3MeHEHHA (B 3€BHCHMOCTH OT IIpHBeseH- 
HOrO pacxofa H OOOPOTOB: HOO yBeIHUMBATECA, JJH60 YMeHbIUAaTbCA). 

Ha puc. VIII.19 uso6paxenbl Takxe KpHBbIe NPHBeZeHHOTO MOMHOTO 

| rHypaBsHuecKkOrO yCHJIMA, excT- 

Bylomero Ha OJHY JONacTh paboue- 

ro Kosieca [1J1587 B 3aBHCHMOCTH OT 


lIpHBeJeHHBbIX o6opoToB nj}, MpHBe- 


WeHHOFO pacxoja Qi, Ppa3HbIX yIJIOB 
ycCTaHOBKH slonacTeH pu pa6oTe Ha 
KOMOHHATOPHBIX pexKHMax. B jlaH- 
HOM CJlydae C POCTOM MNpHBeAeHHOTO 
pacxola H yYMeHbIUeHHeM NpHBeseu- 
HbIX O6OPOTOB NoHOe rHApaBsuue- — 
ckoe yCHJIHe yMeHbIlaeTca. 

Tlomumo rHApOAHHaMuyecKHx 
CHJI, HEHCTBYIOULHX Ha OMNACTb, Hao 
_ 3HATb HW PHApaBsIHueCKHH MOMEHT, 
Puce. VIII.20. Wonoxenve teHtpa aBieHua JIeHMCTBYIOMLHH Ha jlomactTb, 


IpH pa3HblX pexKHMaXx pa6oTH! TYPOHHH 13 
M,=M;,DiHy=eP. (VIII.12) 


SHayeHve TrHApaBAMYeCKOTO MOMEeHTA 3aBHCHT OT BeJIHUHHbI Wiewa e 
(puc. VIII.17), xapaktepH3yiomero paccTOAHHe OT IleHTPpa aBJICHHA NO OCH 
NOBOpOTa JOMAaCTH, HO NOJO*KeHve WeHTpa JaBJIeCHHA 3aBHCHT OT PexKHMA Pa-. 
Goth. IIpu pasupix A,, Q, u g° NowoxKeHHe WeHTpa JaBenua OyAeT pasnny- 


HbIM. AOcovlIoTHaA BeJIH4NHA 
njieva e HeBeHKa, MOSTOMY 
MOME€HT B. 3€BHCHMOCTH OT 9 
pexkHMa paOoTbl np WaHHOoH +t 
OCH TOBOpoTa MONacTH MO- 
*KeT H3MCHHTECH He TOMbKO / 
No BeIHYHHe, HOHTO3HaKy. | 
IIpH KkoncTpyHpoBaHuH 2 
THApOTypOHH OObMMHO WAIA 3 
ONnpeyeseHHA MOBOPOTHOTO ,z 
MOMeHTa JIOMaCTH HW MOJIO- «5 
*KeCHHA WeCHTpa aBJeHHA 














— Omapoimue —«" —— 


Sa | 
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NOJIbSYIOTCH JJ@HHBIMH IKC- 


nombayrorc ECCT tense 
Ha pure. VIII.20 npuse- pttTitirijit Qg=3 


00 =120 «=—«WO) =— 60 1800 200 20 ri,ayun 
AeCHbI ONBITHbI€ JAHHBIe Ii0- 


JIOMKCHHA WeHTpa AaBJeHHA Pue. VIII.21. SHauenne np WBeNeHHBIX MOMEHTOB JIONAa- 
Ha JOMAaCTH OAHOTO H3 THNOB CTH JIA MNPOMeJJIep HOro p@kKHMa NDH pa3HbIX OTKPBI- 
Kowec A yraia yCTaHOBKH THAX HallpaBJAloulerO alilapata 

jonacTH ~ = 10° AA OTKPHLITHH HaNpaBsAloulero annapata Ay = 26 H Ay = 34 
pH pasHbIX NpHBeseHHbIX OOopoTax (nt, = 130, 150 u 180). 


M3 sToro pucyHKa CJlehyeT, 4YTO NoOMORKeHHE WeHTPa MaBMeCHHA 3aBHCHT 
OT pexKHMa paOOTHI: C yBeJIHYeHHeEM NPHBeAeHHbIX OOOPOTOB H OTKPbITHA Ha- 
lipaBJaiomlero annapata (yBemHueHHe pacxoja) WeHTp AaBseHHaA Nepemempaerca 
110 HalpaBJIeHH1IO K BbIXORHOH KPOMKe. | 

Ha puce. VITI.21 ganbi onbITHBIe KPHBbIe H3MeCHEHHA MpOBeMeHHbIX MOBOPOT- 
HLIX MOMeHTOB TOH Ke MOMACTH JIA NponedMepHoro pexkuMa pu yrue yctTa- 
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HOBKH @ = 10° AJA pasHbIX 3Ha4eHHH OTKPHITHH HaNpaBJAloulero anmapata 
B 3ABHCHMOCTH OT IIpHBeeHHHIX OOopoToB M) =f (n,) up a, = const u 


@ = const. Ha puce. VIII.22 yzansi kpuBpie npHBeweHHbIX MOMEHTOB yCHJIHi 
JIA NponesNepHoro pexumMa @ = 5° pabouero koseca I1J1587 B 3aBHcHMocTH 
OT IIpHBeAeHHOTO pacxoya H 4HCMa OOOPOTOS. 

M3 rpaduKoB BHAHO, 4TO IPH H3MeHeCHHH 4HCHa o6opoTon TYPOHHbI BewIH- 
4WHHa IIPHBeACHHOTO FHAPaBJIH4YeCKOTO MOMEeHTA AOBOJIbHO CYIECTBeEHHO H3Me- 
usetca. IIpH Maabix O60poTax rHApaBsIHYeCKHH MOMeHT CTPeMHTCA 3aKDPbITb 
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Paue. VIIT.22. SHayenne Np HBeAeHHEIX MOMeHTOB H YCHJHH WIA Tpo- 
nesnep Horo pexuma @ = 5° pa6ouero Koseca J1JI587 B 3aBucHMocTH 
OT NpHBeweHHOrO pacxona H uHcla O60p OTOB 


nomacTb. C yBeJIHYeHHeM MpHBeAeHHOTO YMCA OOOPOTOB WeHTp AaBAenua 
nepeMelaeTCA K BLIXOHOH KPOMKe, MOMCHT Ha 3aKPbiTHe yMeHbillaeTca, mepe- 
XOMHT “epes HeEHTpasbHOe NoOWoOxRKeHHe UH np 6OuIbIIHX OOOpoTax HaudHHaer 
HeHCTBOBaTb B CTOPOHY OTKPbITHA JOMacTel, CyM\eCTBeHHO yBeIH4HBaACch 0 
BemHunHe. IIpv pa3sroHHbix o6opotax rHipapanyeckun MOMEHT, JeHCTBYIONLHH 
Ha OTKPbITHe, JOCTHraeT MAKCHMAJIbHOH BeJIHUHHEI. Ananoruduiit XapaktTep 
H3MCHCHHA BeJIHUHHbI MOMCHTa IPH H3MeHEHHH MpHBeZeCHHbIX OOOPOTOB HMeeT 
MecTO H QJId Apyrux padounx Kosec. IIpH SsTOM BeIM4UHHa MOMeHTA H eFo Ha- 
paBJleHve 3aBHCAT, KOHE4HO, OT pasmepos womactTH, ee (popMpI HW MNOJOKeHHA 
OcH NoBOopoTa. 

Ha puc. VIII.23 npuBezeHbl KPHBbIe NOBOPOTHBIX MOMEHTOB, JefierB y OuLHXx 
Ha JomacTb pa6ouero Kouieca I]J1587 B 3aBHcuMocTH OT n, HQ, pH KoMOHHAa- 


TOPHbIX pexKHMAaX paOOTHI. 
XapakTep H3MeHeHHA KPHBbIX M, npu KOMOHHATOPHOM pe2KHMe paOorTpl 


NOKaA3SbIBaeT, UTO NOBOPOTHbIH MOMeHT Cc yYBeJIHYCHHECM IIpPHBeAeCHHOTO pacxoya 
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-Pue. VIII.23. Tipupegenupi rugpapauueckuit 


IIJ1587 mpH KOMOuHaTOpHBEIX 


O KOJIeca 


pa6ouer 


WeHcTBYIOUMA Ha JIOMAaCTb 
pexHMax 


MOMEHT, 


ecKH 


B paOoueH 30He XapakTePHCTHKH H3MeHAeTCA Maso. C yBerHueHHeM npHBejeH- 
HbIX OOOPOTOB MOMeHT H3MeHAeTCH Oosee pesko. IIpH OonbuIHx nN, MOMeHT 


CTPCMHTCA OTKPBITbh JOMACTbh, IPH MaJIblx ny, SAKPBITb €e. 


TOT XapakTep H3MC€HCHHA MOMEHTA CIIpaBeJIHB, CCH OCb BpallleHHA OMa- 
CTH BbIOpaHa B 30HE MepeMeINeHHA LWeHTpa TaBNeHHA TaK, 4TOObI BeNH4YHHA 
MOMeHTAa ObIJIa 10 BO3MOXKHOCTH MHHHMAJIDHOH HW KpaHHve 3HAaYeHHA MOMCHTOB 
Ha OTKPLITHe H 3aKPbiTHe ObIIH Obl NPHMepHO PaBHbI. ITO NOSsBOAHT Gosee 
PpallHOHaJIbHO BbIOpaTbh yCHuHe CepBOMOTOpa, KOTOPOe IIPHMePpHO OAHHAKOBO 
Ha 3aKpbiTHe H OTKpbiTHe. II]pH STOM CJIeqyeT HMeTb B BUHAY, ITO MOCKOMbKY 
J@HCTBHe MOMeHTA Ha 3aKPbITHe OOBIMHO COOTBETCTByeT HH3KHM IIPHBeeCHHbIM 
oOopotaM, T. e€. BbICOKHM HallopaM JJIA HaTypHOHK TypOuHEI, a DelHicTBHe MO- 
MeHTa Ha OTKPbITHe COOTBETCTBYeT BbICOKHM IIPHBeACHHbIM OOOPOTaM, TO *Kewa- 
TEIbHO, 4TOOb] HAHOOMbWaAA BeMHYHHA NOJMOKUTeIbHOTO HPHBeAeHHOTO MO- 
MeHTa M: (B 30HE pexKHMOB paboTH! TyPOHHHI) Obisla MeHbINe, 4eM AOCOMIOTHAA 


penuunHa OTPHIaTeMbHOTO, B OTHOMIEHHH, OOpaTHO NPONOPLMOHAabHOM OTHO- 
WeHHIO HAalopos. 

Bowiee BbITOAHO COOTHOWEeHHE MeXKAy KpahHHMH 3Ha4veHHAMH npHBeyeHHOro 

MOMECHTA MOXKHO NOJY4IHTh NYTeM COOTBETCTBYIOMleTO CMEINCHHA OCH NOBOpoTa 
nonactTu, IpHOMKaK HAH ylasian ee OT BLIXOAHOM KpOMKH. Ec.1H Ocb BpalleHHA 
AOMACTH 3HAYHTEbHO CMECTHTb K BXOAHOH HJIH BLIXOMHOH KPOMKe, TO MO2KHO 
NOIYINTh TaKHe 3HAYeEHHA THAPABJIHGVeECKHX MOMEHTOB, KOTOPpbIle axe B KpaH- 
HHX CBOHX 3HaYeHHAX NP Pa3JIH4HbIX PeKHMAX pa6orEt OyAyT COXpaHATb 
CBOH 3Hak, AeHCTBYA B OJHOM HallpaBsIeHHH. OAHaKO B 3TOM CJly4ae aGCOJIOTHOe 
SHaveHHe BeJIHUHHbI THAPaBJINYeCKOrFO MOMeHTA 3HAYHTebHO BOSpacrTer. 
' Coxpanenve NOCTOAHHOrO 3HaKa THAPaBJMUeCKOFO MOMeHTAa IyTeM 3Ha4H- 
TCJIbHOFO CMCLICHHA OCH BPalleHHA MOMAaCTH ABJAeTCA OCHOBOH KOHCTpyKIUHH 
CaMOPeryJIMpyIOMUXCA NMOBOPOTHOMONACTHHIX KOJIeEC, B KOTOPbIX Ha JIOMAaCTH 
B OAHY CTOPOHY AeHCTByeT yCHHe OT THAPaBsH4eCKOrO MOMEHTA, 2B Apyrylo — 
BHCLUIHAA CHa OT IIpyXHHbI HH CepBOMOTOpa. 

Tipu BpiGope ocw BpamjeHHa siomacTH KOeCa HMeeT 3Ha¥eHHe He TOJIbKO 
ee NOIOKeHHE NO OTHOLIEHHIO K LEHTPy JaBJICHHA, HO H B3AHMHOe pacnosoxKe- 
HHe lleHTpa TAXKECTH Nepa ONacTH H OCH BpamenHaA. Llenecoo6pa3Ho ocb BBI- 
OHPaTb Tak, YTOObI MOMEHT, CO31aBaeMbIH LeEHTPpOGexXKHOH CHO NO OTHOLMEHHIO 
K OCH BpalleHHA, pasrpy Kas soNacTb Koeca. 

Beuay Toro, YTO rHApaBsHYeCKOe yCHIHe HalpaBAeHO CBepXy BHH3, OHO 
co3qaeT MOMeHT, H3rHOalomHh JONacTbh BHH3. Tlostomy cweyeT OCb Bpaille- 
HHA JONAaCTH MO OTHOMIEHHIO K WeHTPy TAKECTH BbIOHPAaTb Tak, YTOObI MOMCHT 
OT HeHTPpOOeKHOH CHJIbI Ob HanpaBsieH CHH3y BBepXx. JA STOFO LeHTp TAKECTH 
JOMNACTH JOJ2KeH PasMelaTbcH HH2Ke OCH NOBOPOTA. 

IIpuH npeqBapuTesbHblx pacuerax, BEMHYHHY OCeBOFO AaBJIeHHA MOKHO 
ONnpexzeiHTb NO dopmyvie 


P, =k * DH T, (VIL) 


rye k — smMnupHueckuh cosdrbunnen KOTOPLIH 3aBHCHT OT 4HCa OoMacteH 
pa6ouero KOJIeca H OT yruia HX YCTaHOBKH. 
J\it HAHMeHDIIAX YIIOB YCTAaHOBKH JONacTH pa6ouero Kovieca HanGombilve 


3HaueHHA KOappuuHeHTa k OyAyT paBHHT: 


Koap- 
Yuncno sonacre pun - 
CHT Rk 


0,85 
0,87 
0,90 
0,93 
0,95 


Con m C1 


HentpoGexuHble CHJIbI JOnacTH 


JA OpPWeHTHPOBOGHHIX NMOACYeTOB MOXHO CYMTATh JOMacTh mMvlocKol, 
TOr,a WeHTpoOexHaA CHa ONpeseaAetTcA NO dopmyvie 
G , G ({an\2 | | 
C= oRy m= (Ft) Rum (VIII. 14) 
Snecb G— Bec Nepa monacTH c duanuemM, Wandow HW ppmyarom; 
Ry.m — paHyc WeHTpa TAKeCTH CHCTeMbI JOMACTH. 


Bec nepa JionactTu G, wesecoo6pa3Ho OnpesenATb Ha OCHOBaHHH Mepecueta 
BeCa Nepa MOJeH AONAaCTH, KOTOPOe MOXKHO B3BeCcHTb. Tlepecuet npou3sBOAUTCA 


110. opmyute 





G, = Gn. n—=-—, (VIII. 15) 


re HHJeKC m O3HadaeT JaHHble MOJeJIH. 

IIpu oTcyTCTBHH JaHHBIX MOJeJIM BeC Tepa JOMacTH MOxKeT O6bITb ONpeseneH 
nytTem moycueta o6bema nepa. Jia storo nepo culeqyeT pa3OuTb Ha PA yce- 
YCHHDIX NHpaMHA, OObeEM KOTOPHIX NOACUMTHIBAETCA MO H3BECTHLIM (OPMyIaM. 

Iipu onpeazeteHHuH NOMO%KeHHA WEHTPa TAXKECTH CHCTeMbI JIOMAacTH OOBIMHO 
MOaraioT, YTO WeEHTPbI TAXKECTH Mepa, tbiaHila, Wandbl AonacTu u pHyara Je- 
KAT Ha OCH BPauleHHA ONacTu. Paguyc WeHTpa TAKecTH Nepa JonacTH onpe- 
eJIAeTCA MepecueTOM JaHHbIX C MOJeJIbHOH JONAcCTH HI 10 dopmyie 


¥} Ri AV; 
V 


roe R;AV; — cTraTw4ueCKHH MOMeHT 3JIEMeEHTaPHOTO OObeMma; 
V — o6sem nepa somacty; 
R; — paawvyc WeHTpa TAXKeCTH 3eMeHTapHOTO O6bemMa. 
Touoxenne ICHTPOB TAXKECTH (Panes, WLaldbl AoONAcTH UW phiuara ceLyer 
ONpewesATb Tpaco-aHaJIHTHYeCKHM CIOCOOOM. 
TlomoxeHve’ WeHTpa TAKeCTH BCeH CHCTeMbI JIOMaCTH ONpeyemneTcA H3 
ypaBHeHHA CTaTHYeCKHX MOMEHTOB, COCTABJICHHOTO OTHOCHTEJIbHO OCH Bpaille- 


HHA TYpOHHH, 
GrRy. mono GgpRy. m. @ “b GyRuy. m.y + GpRu. m.p 
R,,. mm EE . 


Ilonoxenne IleHTpa TAKECTH Nepa AOMACTH 3aBHCHT OT €€ TOJILHHbI H KOH- 
@urypawyHn B iwaHe. Jia BbINOJIHeHHBIX TYPOHH C Pa3HbIMH THMaMH KOWIeC 
NOOKeHHE WeEHTpa TAXKECTH JIOMACTH ONpeweiAeTcA NPHMepHO CeVIOULHMH 
BeJIHUHHAaMH: 


Ry. m,n 


(VIII.16) 


Pamnyc WeHTpa TA*KeCTH woe .. . .  (0,3—-0,35) Dy; 
CmemleHHe OT OCH BpalieHvaA K BbIXOAHOK KpomKe (0,01—0,02) D, 
> » » » BHH3° ..... . (0,05—0,02) D, 


OnyHaKO B JeHCTBHTeIbHOCTH NepoO JOMacTH He MOCKOe, a NpescTaBsAeT 
coOOH CJIOKHYIO MPOCTPaHCTBeHHy10 NoBepxuHoctTb. [lostomy ee neHTpobexkuble 
CHJILI IpHBOAATCA K CHCTeMe CHJI H MOMEHTOB, KOTOPbIe B COOTBeETCTBHH 
c pue. VIII.18 onpenzensatotcaA cileqyIOHLHMH BbIPaKeHHAMH: 

NpOeKWHH WeHTpOOexKHOH CHJIbI Ha OCH xX H Y: 


ft 
C.=  @? » 2:Vi3. 
& i=1 
(VIII.17) 


C,= 


ft 
To) 0, sin @, V3. 
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MOMEHT LleHTpOOeKHOH CHAI Mepa JOMAaCTH OTHOCHTEIbHO ee OCH BpallleHHs 


Y o23 oa ; ) 
Me= — o dP: sin @; COs @; V;; | (VITI.18) 


MOMEHT IeEHTPOOeKHOHK CHJIbI OTHOCHTebHO KOPHeBOTO ce4ueHHA 


M ropn = = © & 2:01 C08 9.Vi, (VIII.19) 


rhe 2;, Pj, Pj — KOOPAMHATHI WeEHTPa TARKeCTH 3JEMeHTAPpHOTO O6beMa JO- 
mactH. 


3. OMPEXEJIEHHE YCHJIMA CEPBOMOTOPA 
PABOYETO KOJIECA 


B OOJbUIMHCTBE MPHMeCHAeMBIX KOHCTPyKUHA CepBOMOTOp pacnosaraeTca 
BHYTPH BTYJIKH paOouero KOVIeca, NOIJTOMY CFO MAKCHMAJIbHbI WMaMeTp orpa- 
HHUHBaeTCH Pa3MePOM BTYVJIKH. 

B eayy¥ae pacnosoxeHva cepBoMoTopa BHe pa6ouero Komeca (Mex, 
@laHyaMH BaJIOB WAM B CTYNHUe poTopa renepatopa) ero AuamerTp He orpa- 
HH4eH rabapHTaMH MpOTOUHOH 4YacTH MalIHHEI. OnHaKo O6mlan KOMMOHOBKa 
MalliHHbl Tome TpeOyeT IPpHMeHeHHA CepBOMOTOPa MHHHMAJIbHbIX rabapuros. 
XO NOPIHA CepBOMOTOpPa 3aBHCHT OT BbI6paHHOH KOHCTPpyKUMH MeXaHH3Ma 
MOBOpota OnacTeH. 

BerwunHa HeoOXOAMMOrO yCHJIHA CepBOMOTOPa 3aBHCHT OT BeJIHUHHI u 
TOUKH NPHJOKeHUA YCHMHH, BeHCTBy!IOWIMX Ha JIONAacTH paOodero Kovleca, 
OT BeJIMYHHbI MOMCHTOB TPeHHA BO BTYJIKaXx Land onacTei, B WapHupax KHHe- 
MaTH4eCKOH CXeMbI, MEXA@HH3Ma NOBOPOTa sONacTel H OT BUa KHHeMaTHUeCKON 
CX€MbI M€XaHH3Ma MOBOpoTa. 

YcuJIHe, CO3aBaeMoe CePpBOMOTOPOM, ONpeseraeTcA ero HaMeTPOM H Be- 
JIMYHHOK WaBJIeHHA Maca, KOTOPOe NOABOAHTCA K CepBOMOTOPY. 

/\vaMeTp CepBOMOTOpa B OCHOBHOM O6yCOBAMBaeTCA pa3MepaMH BTYJIKH 
padouero Kovleca. Ilostomy pacuer HeoOxOaHMOrO yCHAHA cepBoMoTOpa pa- 
Oouero KOseca CBOAUTCA B KOHE4HOM C¥eTE K ONpeseeHHIO HOTpeOHOFO aBuJe- 
HHA MaCJia Mp BbiIOpaHHOH KOHCTPyKWHH MeXaHH3Ma MOBOpOoTa AONacTeH u 
3aaHHOM JHaMeTpe CepBOMOTOPAa IIPH Pa3JIMYHbIX pexUMAaX paboThI TyPOHHBI. 


PacueT yCHIHA CepBoMOTOpa Np KyJMCHOM MexaHu3me NOpHBona, 
HMeIOINeM KOCbIe Nasbl 


CxeMa KyJIMCHOrO MeXaHH3Ma NOBOpoTa C KOCbIMH 11a3aMH H CXeMa Harpy- 
2KCHHA CTO 3BEHbEB TIPH XORe NOPWIHA Ha OTKPbITHe HM 3aKPbITHe NOKa3aHbl 
Ha pue. VIII.24, a. 

B stow cxeme pbiuarn 2 wand aonactu / onymentt BHH3. Ha mabibl pEt- 
“WaroB HajeThI MOJISyHbI —- KAMHH 3, KOTOpPbie MepeMesaloTCA B KOCBIX 1a3ax 
KpeCTOBHHBI. KpecToBHHa Yepe3 WITOK coeqMHAeTCA C NOpUHeM. 

PaccMOTpHM yCJIOBHA paBHOBeCHA KaxKOFO H3 TpeX 3BEHbeB MeXaHH3Ma 
MpH xofe NOpwiHA Ha OTKpbiTHe (puc. VIII.24, 6) [49]. 

3BeuHO I (fonacTb—ppuar) _ 


Si, sin(p —a—e)=M,+M,,,+ M_. (VIIT.20) 
re Mmp — MOMeHT TpeHus B onopax Walp; 
M p _ MOMeHT TPeHHA B WapHHpe pblyar—KaMeHb. 
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YUHTHIBAA MaJIyIO BEHYMHY yrula &, MOMKHO HanlucaTh 
sin (p — a — €) = sin (@ — a) — f cos(m — a), 
rye f = tg © — KosdpuunenT TpeHHA CKObKeHHA, 3aBUCAUIMH OT MaTepHa- 


JOB KAMHA WH KPeCTOBHHEI. 
Moment TpeHHaA M np OyqeT paBeu 


, d 
Mi =VS +, (VIII.21) 


rye d — WaMeTp KOvIbua B WapHupe pprryar—kKameub; 
) — KOSPHUHeHT TpeHHA, OOMHO NpPHHHMAalOT p = f. 
Iloncrapus 3Hayennke (VIII.21) B ypaBHenue (VIII.20), nomyaum 


Sly (1 — ky) sin (p — @) = Mz + Mmp, (VIII.22) 


a) M2 6) rye ky — OTHOCHTEJbHBIE KOa(p- 
| (pHUHeHT NoTepb B TepBOM 
3BeHe — 
i 


k= sin (~ — a) x 


x [cos (p — ) -+- ar . 


(VIII.23) 


3BeuHoO II (KamMenb). Pas- 
JOMKHB CHJIy S Ha BEpTHKaJb- 
HY!O HW TOPH3OHTAJIbHY!O CocTa- 
BJIAIOULHe, a TaK%Ke YUHTHIBAA 
MaJIyiO BeEJIHYHHY &, NOJYUHM: 





S, = S(1+8,) sin a; 
, — ¢ (VITT.24 
S, = S(1—k,) COS G, ( ) 
| rye 
Puc. VIII.24. Cxema Kynucnoro MexaHH3Ma Nopopota k, =fctga; 
AonacteH @ H cxeMa HarpyKeHHA ero 3BeHbeEB MPH (VIII.25) 
xoge MopuiHeli Ha OTKpbiTHe 6 H Ha 3aKPHITHe @- ko = f tg a. 


3peuo III. Ha pue. VIII.24 noxasanp narpy3kH, AelicrByloue Ha 
KPeCTOBHHY C K@aMHAMH. 

YpaBHeCHHA MOMEHTOB OTHOCHTeJIbHO OCH BpalleHHA TYPOHHBI H CyMMa 
MpoekWHH Ha STY 2*Ke OCb GyAytT: 


»> M, = 2,Syln -- nT Fa sin p = Q; | 
» P,= —Pip+ 24S, + nif T — 2G, = 0. 


rye ) — yroul Mexkyy JHHHeH JehcTBUA CHaAbI TW palWasibHbIM Halpas- 
JIGHHeM B TOUKE MpHJOKeHHA STOK CHAbI (B AAaHHOM CJIy4ae 
p= 90°); 
r, WU ry, — pawvycbl pacnosoxeHHA KaMHeH H UINOHOK; 
2, H n, — Yicno NOMAacTeH UH UWINOHOK; : 
G, — Bec MepemelaiomHxca eTaneH, NpHxoOJAMLHHcA Ha OHY 


(VIII.26) 


JIOMAaCTb. 
Pemuiaa ypaBuenne (VIII.26) c yuerom (VIII.24), noryaum 
Pop = 2, [S (1 + R,) (1 + Rg) sin a — Gy, (VIII.27) 


rye 


ke=h,— a (VIII.28) 


> Ty TE hy’ Sin 
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B coorsetcTBuH c puce. VITI.24, 6 MoxKHO NOMy4Tb aHaJOrH4Hble BbIpaxke- 
HHA Mp Xoe NOpImwHA Ha 3aKpbiTHe. EXuuble ypaBHeHHaA OyAyT HMeTb BHI: 


+ Si, (1 = k,) sin (@ — a) = +Mz+ Mmp; 


+ Rg 


VIII.29 
Po =%(S(1 + hy) (I ,3) — Ge ( 
~~ wh 


BepxHvii 3HaK COOTBeTCTByeT XOY NOPUWIHA Ha OTKPbITHe, HHKHHK 3HaK — 
Ha 3aKpbiITHe jOMacTeH, 


Tia l—k sin ap” 


(VIII.30) 


Bxoqamui B dopmysy MOoMeHT TpeHHA M,_, onpezenaetca no dopmysie 


Mp = 5 Rada + + Redz + 


+ Hdg, (VII1.31) 


rie R, H u d— cootsBerctTByrouyHe 
peakUHH H WHaMeTphI and B Cco- 
oTBeTcTBHH c pue. VIII.25. Ilo- 
Ka3aHHbie Ha pucyHkKe P, u P, — 
oceBaxw H OKPy2KHaA COCTaBJAIO- 
uve NOJHOrO rHApaBsNyecKorTo 
yCHJIHA Ha ONacTb; C— leHTpo- 
OexKHaA CHa JOMacTH, Wandbl u 
pbluara; G,—sBec lomacTH, Wandpl 
H ppyara. 
Baeza o603Ha4eHHA 


a _ dy ds . 
re SPs BPs 





mpy Ob! ee 








H R g 
a 
oft 
| Hacpymenue 8 zopuzoHManbHou naocnocmu 
S R G 
y 8 


OCe bpawenuan 








Sey 


a,= 
z y Puc. VIII.25. Cxema Harpy3KH Ha OMactb H 
“=, a, =" (VILI.32)  mamby 


H NOlarax, YTO TOPH3OHTAJIbHbIe peakuHH H npvwsAOKeHbI Ha OCH BPallleHHA 
jonactH (kh = 1 = 0), 43 ycnoBHA paBHOBeCHA NOJIYYHM BbIpaKeHHA AIA 
BePTHK@JIbHbIX H TOPH3OHTAJIbHBIX KOMMOHEHTOB peakWHH Ha HapyKHOM H 
BHYTpeHHeH oOnopax tlandopl: 


Ra: = —S,+ Pa, + Gia, — Ca,; 
Rez = Sz (1 — a.) + Pz(1 + a2) + Gy (1 + as) — Cay; 1 
Ray = —SyQ, + Pya, + Ca;; 
Ray = S,(1 — a) + Py (1 + a2) + Cag. 


(VIII.33) 


TlonHas BeMuHHa peakini Ha Onopax A u B paBua reoMeTpHueckoh CyMMe 
HX TOPH3OHTAAbHbIX H BePTHKAaJIbHbIX KOMIMOHEHTOB: 


Ra — Riz + Ray; 
Rp = V Ri, ao Réy- 


Mcnoup3ya H3BeCTHY!O 3aBHCHMOCTD, uto Ya? + 6? = 0,960a + 0,3986 
mpH a> 64 yuuTpiBan Bbipaxkenne (VIII.24), 6ynqem HMeTb 


R, = 0,960 (-—Sa, (1 + k,) sina + P,a, + G,a; —Ca,] + } 
+ 0,398 [—Sa, (1 ¥ 3) cosa + Pa, + Ca,]; 
Ry = 0,960 [S (1 — ay) (1 + Ry) sina + P,(1 + a) + (VIII.34) 
+- G, (1 + a3) — Cas] + 0,398]S (1 — ay)(1 £2) cos a ++ 
+ P,(1 + a,) + Ca;|. 


TlogctaBaaa ypaBHenua (VIII.33) uw (VITI.34) B (VIII.31) uw nonaran p = f, 
10J1y4HM 
Mmp = AyS + AG, + AsP, + AgP, + A;C, (VIII.35) 


rye 
A, = [0,960(1 + ke) sina + 0,398 (1 + &) cosa| x 3 


x £ [ay (dy + ds) + dy); 


Ay = 0,960-F [as (da + dp) + do); 


jf (VITI.36) 
A; = 0,960 7 [a, (dg + dy) + dy); 


| 
A, = 0,398-F fa (da +p) + dy]; 
A; = Id, + 0,960a, (d, + d;) + 0,398, (da + ,)]. | 


Iloyctapus ypaBuenHe (VITII.35) B ypaBuenue (VITI.29) u pemms ux oTHocn- 
TeJIbHO P,», NOJYYHM 


_ (+M2z+N) singe +k | 


roe N = A,G,+ A3P, + A,P, + A;C. (VIII.38) 


Ecau Kkoascddpuunentsl ky, ko, Rg H Ry MAsbI NO CPaBHEHHIO C eHHULeH, TO :op- 
myjia (VIII.37) npH6auxeHHO OyleT HMeTb BHI 


_ (+M,+ N) sina + Ro | 
Py = 24 a Se Sn fen ATE (1 A) _ G, | | (VIII.37a) 


rye 
he = hy + hy + hye 


Bropok wWieH B 3HaMeHaTeJAX ypaBHeHHH (VIII.37) u (VIII.37a) o6brmHO 3Ha- 
UHTCJIbHO MeHbIe NepBoro. I[IpeneOperaa HM, a Tak>Ke BeCOM, NOJy4HM 


hy 
P.=2 +M,-+N sina (1 + ky) (174) 
cp “1 +l = * sin (p— a) (1 += Ry) 








(VIII.39) 


BepxXHHH 3HaK COOTBeTCTBYeT XOJY NOPUIHA Ha OTKPbITHe, HHKHHH — Ha 
3aKpbITHe JoNacTeH. | | 
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OTHOIUeHHe 


sin @ 
— = —_—____ (VITI.40) 
; sin (9p — @) 
XapakTepu3syeT 3aBHCHMOCTb YCHJIMH CepBOMOTOPA P.y OT yrla HakJOHa a3a 
HM MOJOKeHHA pHuara. 
Ha pue. VIII.26 nana 3aBucumoctTb & oT g, OTKya BHAHO, 4TO HanOouee 


JU 
BbITOAHbIM ABJIAe€TCA NOJOMKeHHe PHIdara IPH @ — a + 7? T. €. TAKOE IIOJ1IO- 


*KeHHe, IPH KOTOPOM OCb pbidara COBNaaeT Cc HaNpaBsIeHHeM 1a3a; pH 9TOM 
min & = sin a. STo 3Ha4uHT, YTO MPH yMeHbIeHHH a yMeHbuaetca P.,. Llorepu 
Ha TpeHHe IPH YMeHbIJeHHH G@ BO3pacTaloT, 4HTO 
BAIuAeT Ha P,, B MPOTHBOMOJOKHOM HalipaBJeHHH. 
Tlostomy 3afaua no onpesesieHHio ONTHMAJIbHOTO 
yraa @ JOUKHa pellaTbca pW yueTe CHA TpeHUA, 
ONpeeJAeMbIX KOSPDPHILHEHTOM MOTepb 


(1 & he) (1 re) 


0 = (1 = Ri) - 


(VIII.41) 


IIpH yMeHbuUIeHHH @ XO NOpIwHA CepBOMOTOpa 
YBeIM4HBaeTCA HM MOXKEeT AOCTHTHYTb HeAOMYCTHMO 
6oubmoro 3HaveHHA. IlepexaTtouHoe oTHOMIeHHe A 
onpewensetca popmMys0H“ 





. . COS @; — cos 
= fp (sing, —sing, + “SSE. ), (VIIL.42)  Civewarnacekoro. oobi 


WHentTa OT yria @ WIA Ky- 
JIMCHOrTO MeXaHH3Ma MOBO- 


me @, H QD,g 3HAYCHHA B KPaHHHX MNMOJIOMCHHAX pora sonacteli 


jlonactTH. 

M3 dopmyap (VIII.42) cnenyer, uro NIpH MaJbIX @ XOX NOPLIHA BeCbMa 
BeEJIHK, a Ip yBeJIHYeHHH @ OH yMeHbilaeTca. I]pHuem Np MaJIbIX @ YMCHb- 
weHve A MpOWCXOAHT OYeHb HHTeCHCHBHO, HO HaunHaa c a = 30°, JalbHelimiee 
yBeH4eHHe STOFO yrvla yKe He OYEHb CYINECTBCHHO BJIHAeCT Ha BEJIHYHHY xoja 
nopwHa. [lostomy, ecJlv TpeOyeTcA B BOSMOXKHO GOVIbIUNeH CTeIeHH OlpaHH4HTb 
XO, NOPIIHA CepBOMOTOPA, TO yrouI @ He AOJKeH ObITh MeHbIe 30°. 

IIpu KOHCTPyHpOBaHHH KyYyJIMCHOTO MeXaHH3Ma MOBOpOTa ClekyeT HMeTb 
B BHAY, 4TO HaHOoulee pallHOHaJIbHbIM ABJIACTCA HAKJIOHHOE NOJIOMKeHHE phiuara, 


It | 
fIpH KOTOPOM OGecneuHBaeTCA PaBeHCTBO GP, = a + =. TIpu stom AonycTHmo 


OTKJOHeCHHE OT ONTHMaJbHOrO yrua@ Ha 10—15°, raK Kak 9TO MaJIO CKa3bI- 
paeTca Ha BemHuHHe P,p. 


PacueT ycuanit cepBomoTopa IPH KPHBOMWHNHOWAaTyYHHOM MexaHH3Me 
nosopota sonacTe 


CxeMa MeXaHH3Ma Cc JeHCTBYIONIMMH Harpy3KaMu Np xone Ha OTKPbITHe 
HM 3aKkpbiTHe mpuBenena Ha pue. VIII.27. 

Ms pucyHKa BHAHO, YTO Np NpoxowKAeHHH pbiuara 2 NonacTH J 4Yepes 
rOPpH30HTaIbHOe MOMORKeHHe (PY = QO) cepbra J H3MeHAeT HaNpaBuieHHe Bpalile- 
HHA OTHOCHTEIbHO KpeCTOBHHBI 4 Ha mpoTusonomoKHoe. HanpaBsmenHe 


MoMeHTa Mp) TOoxKe u3MeHAeTcA. Ha puc. VIII.26, 6 cnaomnot crpenKon 
MOKa3aHo HalpaBreHHe M>,, npH p> 0 (stan I), a wrpHxoBoH cTpeikKoH— 
npu g<_Q (stan IJ). 

YCNOBHA PaBHOBeCHA KaXKOTO W3 TpeX 3BeHbeB MeXaHH3Ma IIpH xoje 
NOPIUHA Ha OTKpbiTHe (puc. VIII.27, 6) uw npu gp <0 gang: 
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3BpeuHo | 
PL, cos(a— p—e)=M,+M,,, + Map: (VIII.43) 
Moment Tpenua MM" p OllpelenaeTca PopMyson 
| } 1 | 
Mmp = pP =, (VIII.44} 
rye d, H p — AHaMeTP Madbila W MpHBeAeHHbIN KOIdpHILHEHT TPeHHA B Wap- 
| HHpe pbluar—ceppra. | 
Speuo II. | 
M+ M _ 


(VIII.46) 








Puc. VIII.27. Cxema kpHBommnuoro MexaHH3Ma NoBopota ONacTe a, Harpy- 
*keHHe eFO 3BEHbEB MPH XOJe NOPIWHA Ha OTKPbiTHe 6 HW Ha 3aKPHITHE 6 


rye dip — wHaMeTp Masbla B WapHHpe cepbra—xKpecToBuHa. TloyzctaBaan 
snauenna (VIII.44) wu (VITI.46) B (VITI.45) uw nonaraa p = f, nonyuum 


d dx 
Rinp = ee P. (VIII.47) 
Tlonaran p =f, yaNTHIBad Maslylo BeM4HHYy yraa e€ (sin e = “ne H 


HCHOb3yA BhIipameHHe (VIII.47), a Takxe HMeA B BH, ITO 
cos (a — » — 8) = cos (a — g) cos € — sin (a — Q) sine, 
6yHeM HMeTb 


f (dp + 4xp) 


cos (a — gm — &) = cos (a@+— g) + II, 


sin (a — q). 
TloactaBssa 3TO BbIpakKeHHe H dopmyay (VIII.44) B ypaBHenne (VIII.43), 
noJly4HM 

| Pl, (1 — n,) cos (a — 9) = Mz + Mm, | (VITT.48) 
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rae 


dp dp + dep 
2 


egy a te ae ®)|. (VIII.49) 


Ly cos (% — gq) 


Us puc. VIII.26, 6 cuenyer: 


= P (1 + n,) cos a; 
P,=P(1+14,)sing, (VIIT.50) 
rye | 
d dx dyn+d | 
Ny = Te tg a; No= ie er tg OO. (VITTL.51) 
3Bpeuo III 
M, = 2,P,7, sin y — n,,Tr,, sin p = 0; | 
2 ees * v | (VIII.52) 
YP. = —P op + z,P, + n,fT — 2,G, = 0, 
re r, H 7,4 — pakWyc pacnonoxenuA ceper M WINOHOK; 
2, H n,, — YHCAO NONacTeH H WMOHOK; 


y — yIOJ M@XKLy HallpaBseHveM CHJIbI H palHaJIbHbIM HalipaBsie- 
HHeEM B TOUKe e€ IIpPHOKeHHA; 
) — aHaJIOrHUHbI yYrO, XapakTepH3ylOWHH HanpaBsienHe cub T; 
G, — Bec Mepememalomuxca JeTaneH, MNPHXOMAMIHXCA Ha OHY 
JOMAaCTb. 
Pemiaa ypaBHenve (VIII.52) ornocutenbuHo P,, WU y4HTbIBan (VIII. 50), 
nOJIy4HM 


Pp = 2, [P (1 + 1.) (1 + 13) cos a — Gy, (VIII.53) 
rye | 


__ — Ny re ‘sin Y 
Ng = lisa 748% sin p (VITI.54) 





‘lia BTOporo sTala ABH KeHHA (~ < 0) peakuHa R,,, Oy eT ONpeqeAATLCA BbIpa- 
2KeHHeM 


f (dp — dxp) 
p Kp p. 


Rep = 5), (VIII.47a) 
Torga dopmyapr (VITI.49) wu (VITI.51) 6yayt MET BHI: 
ny = i mea — Se et te (a —¢)); (VIII.49a) 
Ny = ae a tg a; 


f- dy 


Hi =—d; *— 7"* = t= eee 
Een dp da; TO Ny = Nh, 0, a ny 2 I,cos (a— Q) 
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B coorsetcTsuu c pue. VIII.27, e nonyuaerca ananornunoe BEIpaxkenne 


Hp xoje NOPWHA Ha 3aKpbiTHe (BBepx). Equubie ypaBHeHia OyAyT HMeTb 
BHI: 


+ Ply (1 + ny) (@ — 9) = Mz + May; 








VIII.55) 
Pop = 2,[P(1 + m)(1 + 7%) —G, |, ( 
[+n yf, 
re ny =f p+ tea i (VIII.56) 


BepxHufi 3HaK COOTBeTCTByeT XOJY MOPUIHA Ha OTKPHITHe, HHKHHA — 
Ha 3aKPbITHe JOnactTen. 
b.kiem? P 





















— , Moment Tpeuua M,,, onpenessaer- 
18 ~ | ——44-+ CA aHaJIOrTH4YHO MOMeHTY MeXaHH3Ma 
A rn rn rn a a C KYJHCHbIM NpHBOZOM 0 dopmyvie 
a a (VIII.31) w 6yzer pasex 
SSR LAT a _— Jr } 
SESE Mnp = AYP + AG, + ASP, + 
pt—+SZf} e4 | | +A,P,+A,G,  (VIII.57) 
yt Z| | 
1) ep rye 
| a A Ay = [0,960(1 + na) cosa + 
po ON — '\., 
; NS + 0,398 (1 = ny) sina] -+ 
at ety} + Lad — dy) + dy). (VIL) 
3 re eee 
2 FN TT OctTaJIbHble KOI@pHUHeHTH Onpe- 
— ; | NensroTtca no dopmyaam (VIII.36). 
; 
0 pt CE gzpad Pes ypapuenus (VIII.55) x 


2-0 -5 O I = 0 15 (VIII.57) orHocutenbuo P,,, NOAYYHM 


Ha 3onpoimue “Ha omkpomue (+ Me + N) cosa 

__ —_ e 

Puc. VIIT.28. Bennunna norpe6xoro JaBaenusa Pop = 24 +1, (ln ) cos (a—g)—A; 
Macjla B CepBOMOTOpe paGouero KONICA: PN ! 

— Ha oTKpbitue H = 30m; 2 — na3akphitue H = n 

30 m; 3 ~ Ha OTKphitHe H = 14 m; 4 mee 3aKpbI- x (1 ++ Ny) (1 + ’ — Gs . (VIII.59) 


Tue H = 14 om 


I 


Ec KOo@pHILHeHTH! OTHOCHTEIDHBIX NOTePb 14, Mg, fg H Ny MaJIbI 110 CpaBHe- 
HHIO C eQHHHIeH, TO TOrMa dopmyaa (VIII.69) Mower ObiTb 3aMeHeHa NpH- 
OJIM2KEHHbIM BbIpaxKeHHemM 


Pp=X ray (1 + n) —G,|, (VIII.60) 


+1, cos (a—)—A;(l+2,) \ ~~ %s 


Bropoi wieH B 3HaMeHaTevie dopmyabi (VIII.59) u (VIII.60) o6nrHo 3Ha- 
YWHTeJIbHO MeHbIUe MepBoro, MpeHeOperan HM, a Tak»Ke BecOM, OyeM HMeTb 


(1 + ne) (: + n ) 
. r Ie —_ 
+M2— n 
Pop = 2, MeN 8H Na (VIII.61) 

P +Ip cos (a — q) (1 = 1m) 

Bepxuuve 3HaKH COOTBETCTBYIOT XOAY NOPWIHA Ha OTKpbITHe, HHKHHe — 

Ha 3aKDpbiTHe. 

COS & 
cos (a — g) 
mMotTopa P,, OT NOMOXKeHHA pbl¥ara HU CepbrH. 
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OrHowenHe & = XapaKTepH3yeT 3a€BHCHMOCTb YCHJHA CepBo- 


KooppuuveHthl ny—n, XapaKTepH3yloT BJHAHHeE Ha YycCHJIHe CepBOMO- 
Topa P,, NoTepb Ha TpeHHe B 3BeHbAX Me€XaHH3Ma. OHH pasAW4Hbl mpi xone 
NOpWwWHA Ha OTKPbITHe H 3aKPpbiTHe. 

3Haa pa3MepbI CepBomMOoTOpa paGouero KOsIeCa, NPHHATHIe B KOHCTPYKILMH, 
MOXKHO ONPeAGJIHTh AaBseHHe MaCla B WHJIMHApe cepBomMoTopa 


Z1P cp 


p=, (VIII.62) 





roe / — pa6ouaa nomayb cepBomoTopa. 

BeH4HHy HeEOOXOAHMOrO JaBJIeCHHA MaCJla B WHJIMHIpe CepBomMoTOpa omnpe-. 
JeAIOT AJIA Pa3HbIX Pe2xKHMOB paooTh! IPH ABH2KCHHH M@XaHH3Ma Ha OTKPbITHe 
H 3aKpbiTHe CTpoaT rpapuk 34BHCHMOCTH NOTpeOHOrO WaBJIeHHA MaCJla OT 
yrla MoBopota Jonmactei. 

B Kayectse npHMepa ua pic. VIII.28 npusenen rpadpuk 3aBHCHMOCTH T0- 
Tpe6HOTO JaBJIeHHA MaCJia OT yraia NOBOpOoTa MONacTH Mp ABHXKeHHH Ha 
OTKPbITHe HW 3akpbiTHe Aa HanopoB H = 30 un H = 14 mu. H3 ananusa stToro 
rpapuka CuleqyeT, YTO pH ABHXKeHHH Ha OTKPbITHe aBsIeHHe B CepBOMOTOpe 
SHAa4HTeJIbHO Ooubule pH Hanope H = 30 m, a Np ABYXKeHHH Ha 3aKpbITHe — 
mpH Hanope H = 14 m. Sto OO6baACHAeTCA H3MCHEHHeEM FHApaBsNyecKOrO MO- 
MeHTa B 34BHCHMOCTH OT yIrJla yCTaHOBKH. 


4. KOHCTPYKWHH HW PACYUET AETAJEA MEXAHH3MA 
NOBOPOTA JIOMACTEH PABOUYETO KOJIECA 


Mexanu3M noBopora monacteHh pa6ouero KOseca COCTOHT 43 pxAla coule- 
HeEHHbIX JeTalIeH, OO6eCNe4HBAIOMNHX ONMHHAKOBOe OTHOCHTeABHO NOTOKAa pac- 
NONO#KeHHe NOTacTeH H HX CHHXPOHHYyW epecTaHOBKy H3 OAHOTO NOMOKeHHA 
B Apyroe B COOTBETCTBHH C KOMOHHATOPHOH 3aBHCHMOCTbW. IIpH STOM HeEKOTO- 
pble eTaH OMHOBpeMeHHO OGecreuHBaloT H 3aKkpellieHve ONAacTeH B KOptiryce 
pa6ouero Kovieca. — 

CxeMa M€XaHH3Ma MOBOPOTa C KPHBOIIHMHbIM WJIM KYJIMCHbIM YCTPOHCTBaMH, 
OOeCneuHBaIOULHMH TpaHcopMallHiO NIPAMOJHHeEHHOTO ABHXKeHHA WHIHHApPH- 
yeCKOFO NOPWHA CepBOoMOTOpa B yrioBoe ABH2KeHHe JONacTH, NOBOpadHBa- 
lOUleHCA Ha HEOOXOAMMBIN YrOJl yCTaHOBKH, MOApoOOHO paccmoTpeHp! B 0. |, 
ra. VITTI. 

Han6onee ynotpe6uTeibHa B pakTuke FHApoTypOocTpoeHuA KOHCTPyK- 
UMA KPHBOWIHMHOrO MeXaHH3Ma NOBOpOTaA. [ostomy pacCMOTPHM ee NHO- 
po6no. | 

B 3TOM MeXaHu3me (cm. pure. VIII.4) nopmenb 3aKpenmeH Ha wITOKe, a 
Ha APyrOM KOHIe WITOKa yCTaHaBMBaeTCA KPeCTOBHHAa, KOTOPas C MOMOLLbIO 
IWJIHHApHuecKHX WapHHpoB coeqnHAeTCA Cc cepbramH. Jipyrow KoHell cepbru 
COeCJHHACTCA WHJIMHAPH4eCKHM IWapHHPOM C TOJOBKOH KPHBOUINNAa (ppuara), 
3aKJIMHCHHOLO Ha Ialide JIomactH. Handa OObIMHO IIPHMeHAeCTCA OTbEMHOH OT 
nepa slomactH. 

Hue paccMaTpuBaeTca KOHCTp yKIMMA H pacuer culeyIoulux JleTaieli Me- 
XaHH3Ma NOBOPOTa: NOPLWIHA CepBOMOTOPA, WITOKa, KPeCTOBHHEI, CepbrH, PbI- 
yara HW Wands womactH. 

lipu pa6ote TYPOWHBI B YCTAHOBUBINMXCA pexKUMAX Ha eta MexaHi3ma 
NOBOpOTa JeHCTBYIOT YCHIHA, ONpeevIAeMbie CH1aMH B3aHMOJeHCTBHA J0Na- 
cTeH C IOTOKOM BOJBI, NpOxosAmeH wepes TypOuny. 

IIpu nepecranose sionacteit Harpy3ku Ha MeTady OyRyT 3aBHCeTb OT BeJH- 
4YHHbI TpeOyemoro iA MOBOpOTa JOnacTeH ycuHA. Kpome Toro, np yBeHye- 
HHH YHCa OOOPOTOB HW BO3PaCTaHHH WeHTpOGeXKHHIX CH HOO B CJLy4ae Mepe- 
Koca Wandbl pH 3aKJIMHHBaHHH B CBOHX OMmopax eTasIW MeXaHH3Ma MOLryT 
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OKA3aTbCA MO ReEHCTBHEM CH, ONpeesAHeMbIX MAKCHM@JIbHbIM YCHJIHEM CepBoO- 
MoTOpa. Ilostomy pacueT Ha NpounocTb AeTaseh MexXaHH3Ma NOBOpota Joma- 
cTeH pa6ouero Kovieca culeqyeT NPOHSBOLHTb IIA WByX ci1ydaes: 

a) Ha Harpy3Ky IIpH HOPMaJIbHOH paOoTe MexaHH3Ma; 

6) Ha MAKCHM@JIbHOe ycHsIHe CepBOMOTOpa IPH aBapHiinon paGote mexa- 
HH3Ma. 


flopweHb cepBomoTopa 


Tlopmienb cepBomoTopa pa6ouero kosleca MpHMeHAeTCA ABYX KOHCTPYKIMH: 
KopoOyarToro ceyenHa / (puc. VIII.29) c pagqHanbHpimMu peOpamu uu Gouee 
MpOcroH AHCKOBOH dopmpr 6. Tlopmienb BHINOMHAeTCH 43 YYTYHHOH OTIMBKH. 
Kopo6yaToe cedeHHe, oG6ecneynBatomee OOJbUIMH MOMeHT CONPOTHBJeHHA, 
IIPHMCHACTCA JIA CEPBOMOTOPOB Kp yIIHbIX Typoun, JHCKOBBIN nopuleH — JA 
C€pBOMOTOPOB He6ObIIMX TYpOHH. 

IipH Kopo6yuaTom ceyeHun nopmHsA HeOOXONUMO B KaxKJOM OTCeke Mpeny- 
CMaTPHBaTb 2—3 OTBEPCTHA AIA KPelJICHHA LWIHIWeJIbHbIX 3HAKOB. STH OTBep- 

CTHA 3aKPbIBaIOTCA B JasbHel- 

Aucroborii eM KPBILIKaMH 2, 3aKkpelnlvien- 
nopuleHb HBIMH 6oTamMH. Menee reseco- 
: OO6pa3HO 3aKpbIBaTb OTBeEpCcTHA 
° 8B AHMUe NOpwHA npobkamu 
7 -Ha pesb6e. [lopmenb co crynu- 
ueH HageBaeTcH Ha WITOK 8B, 

HMeIOWIHH OypTHK, H 3akpen- 

AeTCA. TaHKOH.5 Mp MaJIbIXx 

pa3Mepax IWTOKa H 3akK/aqHbIM 

oO | |  KOJAbIOM 4— pH 6o0u1buIMx 
. | - WametTpax witoka. [Ipu 3axpe- 
NI€HHH NOPWHA 3aKaaqHbIM 
KOJIbILOM B IITOKe HeEOOXOAHMO 
pelycMaTpHBaTb TOUWHO BBI- 
NOJIHCHHYIO- «=BHITOUKY = (pa3- 
Mep a), O6ecHe4HBAaIONLyI0 MJIOT- 
Hylo §«nocayKy 3aKJiayHOro 
KOJIbila (JIA BOSMOXKHOCTH ero 
| , paOoTbhl Ha cpe3). SakmanHoe 
Puc. VIII.29. Cxema KOJIBHO BHEINOJIHHCTCH HS ABYX 
> KOHCTPyKUHH Hopul- YacTeH H OXBaTbIBaeTCA CTAXK- 
. HA CePpBOMOTOPa =. HBIM KOJIbIIOM 3. 
Jl YyNAOTHeEHHA. NOpmHA 
H YMeHbINeHHA TWpoTeyeK Mac- 
| la MeKy HHM H WHAHHApoM 
cepBomoropa npUMensorca ja6HpHHTHbie KaHaBKH 7. Bosiee HagexKHOe yIJOT- 
HeHHe OOecneYHBaeTCA YIOTHHTeCbHBIMH KOJIbIaMH 9, OHAKO BbINOJIHeHHe 
HX MpH G6OJbUIHX QHamMeTpaxX HOpmwHA IpeaxcTaBaneT co6oH cCwO%KHYIO 
3amauy. 

Tlopuiehb Kopo6OuaTok POpMbI pacCuHTHIBaeTCA Ha PaBHOMEePHOe AaBienHe, 
KOTOPOe MOXKET ACHCTBOBATh NOMePeMeHHO CHH3Y H cBepxy. Pacuer 7aBleHHA 
BeqeTcA MpH61HKeHHO. II] pu pacyete peqnovlaraloT HEHSMeCHAeMOCTh Horeper- 
HOTO CeYeHHA NOPILIHA MPH ero AesOpMallHH, ATO. BOSMOXKHO IPH JOcTaTOUHO 
KECCTKHX KOJIbILAX, CBASHIBAIONLHX BepxXHee.H HH KHee JHHLLAa NOPLWHA, H AOCTa- 
TOUHOM UHCIe palvabHbix peOep. CunTaloT, 4YTO NOPWeHb 3allleMJleH MO BHYy- 
TpeHHemy .KOHTypy (A-—A). IIpuH pacuere npeneOperaloT BJIMAHHeM TaHreH- 
HHaJbHbIX HallpAKeHHH. | 
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K opodvampiit 
NopweHh 












mde 


Nets RIES 



















SS Re aR | 


FLL 







HY 
eae 


Hanpsxenve B cevennu AA (Ha BHYTPe€HHeM KOHTYype pamuyca) OyazerT 
DaBHO © 
M 


Oo — Wr? 


roe M — usru6aroujyuh MOMeHT; 
W — MOMeHT CONPOTHBJIeHHA. 

Jina onpeyeieHHua BeIM4HHbI H3THGalouleroO MOMCHTa H MOMEHTA COMPOTHB- 
J@HHA CeYeHHA NOPIWWHA, HAXOMAMLeErOCA MOA Harpy3KOM paBHOMepHO paciipe- 
JeJeHHOTO WaBJeHHA p, BbIpesaeTca C€KTOP C MaJIbIM HEHTPaNbHEIM YTIOM 
(puc. VITI.29, neranb J). 

Ha paccToAHHH xX Ha 3JIEMeHTAaPpHYIO NAOWMALKY wevicrByeT cua px@dx. 
B MecTe 3alleMJIGHHA BOSHHKaeT 3JIEMCHTAPHbIH MOMEHT 


dM = pxqpdx (x — r). 


Muterpupya or 20 R 4 npene6peran GecKOHEYHO MaJIbIMH BEAHYHHAMH BTOPOro 
nopsAqKa, NOyyaemM © 


M= = po f(t — rap d= pp BORD 


MomMexT CONpOTHBJeHHA ceYeHHA 3afeIKH paBen 
| a — — 
v= or ——_. 


PajMaJbHble Hallps2KeHHA Ha BHYTPeHHeM KOHType NopmwHa 6yLyT 


H (R—r)? (QR a 
o= pa (VIII.63) 


EcaH MopilieHb-pacCCMaTpHBaTb Kak KPyIrJlylo WwacTHHy MOCTOAHHOH TO\JI- 
IILHHbI, 3allleMJIGHHYIO NO BHYTPeHHeEMYy KOHTYypy 7, pacueTHaA BbICOTa MHa- 
cTHHbI ¢ — ONpeeHTCA 43 yCJIOBHA paBeHCTBa MOMeHTOB YW conmpoTHBJeHHA 
PalHa/IbHOrO CeveHHA NOPIIHA HW PalMabHOrO CeYeHHA MW1aCTHHbI NOCTOAHHOH 


TOILE, npeacraBamouren coOOH MpAMOYIOJIBHHK WHpHHOK R—yr 4H BBICO- 
TOH f, 


_ (R—-"t 
V=-— >_>» 


orciowa pacueTHad BeHUHHA BBICOTH MaCTHHbI paBua 





t= (VIIT.64) 
PajiMaJIbHble HallpaxxKCHHA Ha BHYTPCHHEM KOHType wWacTHHbI OyAyT 
, 
=k&X, (VIII.65) 
rie k — Koos PHUveHT, KOTOPEIH B 3aBHcHMOCTH OT R/r NpHHuMae}rca Creny- 
IOWLHM: | 
Rir ... eee, 40 #42 #44 #46 48 5,0 52 54 5,6 58 6,0. 
| 3,01 3,15 3,29 3,43 3,56 3,98 3,80 3,92 4,03 4,13 4,24 


Kpome 9THX pacueTOB MNpOW3BOAHTCA TakxKe pacieT MeCTHHIX HallpAKeHuH 
B JHHme Nopmina. Jue COCTOHT H3 pAJa CEKTOPHAaJIbHbIX NJaCTHH, OPpaHH- 
YCHHBIX JBYMA AyraMH OKPyXKHOCTH H ABYMA PawNaJlbHbIMH peOpamu. Pacer 
C€KTOPHaJIbHOH NaCTHHb! MpOH3BOAHTCA NpvONHKeHHO Kak PaBHOBeJIHKOK 


27 H.H. Kosases 4iZ 


MIpAMOYIFOJIbHOH MaCTHHbI CO CTOPOHbI m H n, CBOGOZHO OnepToH no Bcemy 
KOHTypy (puce. VIII.29, neranp JJ). 
HanpsoKenhe B TaKOH WwacTHHe paccuHTbIBaeTCA MO mopmyse 


0,75pn? 


Oo = “(1 + 1,605)’ 


(VIIT.66) 
rye p — RaBnenve KI/cm; 
n | 
gn -- 
m? . | | 
n — BeJIH4YHHAaA KOPOTKOH CTOPOHHI IIpAMOYFOJIbHHKA; 
m — BeJIH4UHHA JJIMHHOH CTOPOHbI NPAMOYIOJIbHHKa; | 
$ — TOMWHHa AHH. ) | 
PacueT JHCKOBOrO NOPWHA CBOAHTCA K pacueTy paqvaJbHbIX HallpsAxKe- 
HHH O, OT Harpy3KH Ha AHCK 7,—r (puce. VITI.29) u HanpsaxKenuh o, Ha 0607 





R — fy: 
r, 
0, = +kyp 3? 
|(VIII.67) 
| P 
0, = +ke “2 ? 
rye 


P=n(R?— ri) p. 


3necb Rk, U k. 3aBHCAT OT OTHO- 
WICHHA F/fa- 

Jaa  uyryHHOTO NOplnsA 
(C421—40) gonycTHMbIM Halpsa- 
*KeHHeEM CJleyeT CYHTATb GO, <= 
< 700 kI/em?. 


lltox 


Ilirox cepBomoTopa, lpeycta- 
BAAIOULNK COGOH CTaJIbHY!O MOKOB- 
KY, PaCCUHTbIBaeTCA Ha pacTaxKe- 
HHe H cKaTHe B OCj1a6eHHOM 
ceueHHH. 

Ocna6meHHoe ceueHHe UITOKa 
(puc. VIII.30) onpegzeasetca oT- 
BePCTHAMH H KaHaJlaMH, HeOOxo- 
JMMBIMH JIA Mpoxola MacJla. ITO 
ceyeHne OObIMHO ObIBaeT B MeCTe 
3aKpenJeHHA NOpWIHA y 3aKJal- 
HOrTO KOJIbILa WIM TranKH (ceuUe- 
Hua B—bB nu B—B) wu B mectTe 
pacnouJIOKeHHA KaHaJIOB JIA BBI- 


Puc. VIII.30. Cxema wroKxa A Ay y OypTHka (ceyeHHe 





B leHTpabHOoe OTBEpCTHe WITOKa OOHIGHO BCTaBJeHa TpyOka AJA pasrpy3kH 
BHYTpeHHeH MOOCTH BTyJIKH paOouero Komeca OT H3ObITOUHOTO AaBseHHA 
Macia. BuyTpeHHee OTBepcTuHe LITOKa, OXBaTHIBaloulee pasrpy3ouHyto TpyOKy, 
CLYXKHT AJA MpOnycKa Maca B NOJOCTh WHIHHApa CepBOMOTOpAa NO NOpiens. 
STH KaHaJIbl PACCUHTHIBAIOTCA TIO JONYCTHMOM CKOPOCTH Maca H ero pacxOLy. 
Hanpsxenve B UITOKe ONpesesineTcA TIPH YCHJIMH, Ppa3sBHBaeMOM TIpH xoe 
NOplwHA BHHU3 Ha OTKPbITHe H xoge BBepX Ha 3akpbiTHe. IlpH sTOM ycHsHe Po 
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GepyT MaKCHMaJIbHOe, Co3qaBaemoe Nope. [IpH xofze NOpIIHA BBepX HITOK 
pa6oraer Ha pacTaxKeHHe, BepxXHee H.HHKHEE 3aKNaMHble KObIla padoTaiT Ha 
cpes. Ip xoge nopuina BHH3 WwroK paOoTaeT Ha CKaTHe HK OyPTHK WTOKa Ha 
cpe3 H CMATHe. | a 

Hina wroka u3 ctanH 35 jOmycTHMble HallpAxKeHHA CeLyeT NPHHHMATb 
o, = 1100-1200 «lic. 


K pecTroBuHa 


Kpecrosuna mpeycraBsnert CO6OH (acOHHY!O CTAJIbHYI0 AeTaJIb, HANeBAeMYIO 
Ha HWITOK. | | 

C NMOMOULbIO WHIHHAPHYeCKHX WapHHpOB K KpeCTOBHHE MNPHCOeAHHAIOTCA 
cepbrv KpHBOWHNOB. C KpeCTOBHHBI yCHJHe, CO3aBaeMoe NOPIIHeEM CepBO- 
MoTOpa, MepemaeTca Yepes CepbrH KPHBOUIHNAaM nonacteH. @MopMa KpecTOBHHbI 
B liane 3aBHCHT OT KOIH¥eCTBa Ceper, KOTOPHIe K He HPHCOeCAHHAIOCTCA. 

Cousienenue ceper c Kpe- 7 
CTOBHHOH OcyllecTBAAeTCA 
60 poymiHHaMH, 160 
C NOMOMbIO Land, OTAHTHIX 
C KPe€CTOBHHOH, JIH60 BCTAaB- 
HbIMH faJibllaMH. Pa3wH4- 
Hbieé CX@€MbI KOHCTPYKUHH 
KPeCTOBHHbI MOKa3aHbl. Ha 
puc. VITI.31 W# Ha pa3spe3ax 
pa6ounx Koviec. 

Han6oulee 4acTo npHMe- 
HAeTCA KOHCTPYKUHA Kpe- 
CTOBHHbI C fMpoynlinHaMH 
(puc. VIII.31,-a). Wpoymm- 
Hbl BCTAaBJIAIOTCA B OTBEp- 
CTHA KPeCTOBHHbI HW 3aKpen- 
JAIOTCA TaHkaMH. B mpo- 
YIUHHY BXOJHT Masel, K 
KOTOPOMY IIPpHcoeHHAIOTCA 
OHA HH Be cepbru. Takan | 
KpeCTOBHHAa HeCMOTPA Ha 
HamH4ve JONOJHHTeIbHOK LM 
JleTaH — npoywiMHI — npo- Apunub Gna uinoxnu 
cTa B MpOH3BOACTBe, Tak 
KaK He Tpe6yer Gomb0n 
TOUHOCTH Ip HsroToBseHuH. [lo cymecrBy oOpaO6oTka TakoH jeTanH 
CBOAHTCAH K PaCTa4YHBaHHIO IleHTPaJIbHOTO OTBeEPCTHA H CBepJIEHHIO YeTHIpex 
OTBeEPCTHH JIA yCTaHOBKH MpoOymuHHbEl. | 

HeOoubpuive OTKJOHEHHA B KOOPAHHATaX OTBEPCTHH KOMNeHCHPyIOTCA NpH 
ycTaHoBke lpoyuihubl. [Ipu c6opke xe ycTaHaBJIMBaeTCA WH TOUHOe NOMOMKeHHE 
OTBepCTHH AIA NasbleB WapHHpOB cepbrH. KpecTOBHHa C MNpHJINTHIMH NaJib- 
wamMH (pue. VIII.31, 6) umeer. 6omee cuoxwKHyIO KOHCTpykKuHO. IIpHnHtie 
MaJIbilbl WaAPHUPOB Tpe6yiOT BbICOKOKAaYECTBEHHOH OOpadooTKH HX MOBepXHOCTH 
H TOUHOrO B3aHMHOFO pacnouO*wKeHHA MO BbICOTe H B Mane, TaK KaK B TakOH 
KOHCTPyKIUHH OTCYTCTBYIOT KOMMeHCHpyroulHe yCTpOHCTBa H cCepbrH Haje- 
BalOTCA HEMOCpeCTBeEHHO Ha MaJibiubl. JIOCTOHHCTBOM STOH KOHCTPYKILHH AB- 
JIACTCAH MCHDIUHH BeC BCJIEACTBHE OTCYTCTBHA TIPOYUIHHbI H YMCHbIICHHA KOJIH- 
yecTBa JeTaeH. : | 

KpecToBHHa C 3aKJIaqHbIMH NabuaMH NoKa3aHa Ha pHe. VIII.3l, 6. 
Oua nosyunsa wHupokoe mpHMeHeHHve. B sTOH KOHCTPYKUHH MaNbIbl BCTAB- 
JIAIOTCA B CNelHaJIbHble OTBEPCTHA B CTeHKaX ReTaH. KOHCTPYKUHA 3Ta Npowte: 
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Puce. VIII.31. Cxema KOHCTPYKUMH KpecTOBHHLI 


NPEABIA VELEN, HO' Bee me TpeOyeT TOUHOH OGpaboTKH OTBEPCTUH AIA MNaypiueB. 
Pakas KpecToBHHa. paHbilie OTMHBaAIaCh M3 -‘yYreposNcToH cram, cefuac ona — 
cBapHan. Hecmorpa: Ha cOKHYIO Popmy . KPeCTOBHHEI, CBapHas KOHCTP YUMA 
B WeNOM NOY aHMaCch Oomee SKOHOMHYHOH, FEM JIHTAA U3 CTaJIH. : : 
“HeemoTps ' Ha‘ pasJIHqHA MPpHMeHHeMBIX KOHCTPpyKUHA KpecTOBHn, ‘pacue;r 
HX IIpOH3BOAHTCA OJHHAKOBLIMH IIpHeMaMH: JleTaJlb PaCCUHTHIBaeTCA Ha H3rH6 
B (HaMeTpaJibHOM ceyeHuH A—A, a Takxe B ceyeHuax b—B u B—B. Opuex- 

THPOBOHHEIC MNOJOKEHHA PACYeTHbIX CeYeHHH yKa3aHbl Ha 9CKH3AX. 
‘Benuwuna, H3rv6aioulero MOMeHTa B AHaMeTPaIbHOM ceyeHHH OyeT ompe- 
HenaTbcA To  Popmyu1e | 
M= y Py =" cp Dy aj, | - | - (VItt.68) 

rye Pep - — yCHuJIHe CepBomMoTOpa, IpHxomameeca Ha OAHYy Jonactb; 
a; — Mseuo CHET; 

A — YHCAO Nabe, MPHXOAAUIMXCA Ha OMHY cropoHy ceyenua A—A. 
Ceuenne A—A caeflyeT BbIO“paTb HavOomee OCNaOeEHHbIM, TAKHM Ha KO-- 
TOpoe AeHCTBYeT HAHOOMbIUINH MOMeHT, a cedeHHe 5B— ‘b 1 B—Bp 3aBUCHMOCTH 
OT KOHCTPyKILHH KPeCTOBHHHI. 
MomexT HHepmlyH ceyeHHa 


J= Dist Dev-#De 


OPAHHATH HeEHTPaJIbHOH OCH 


t 





HallpaAxKeHHA H3rH6a~ 


HanpsxkeHua onpefenAioTrcd Mp HOpMaJIbHOH paboTe MH MaKCHMaJIbHOM 
ycHuH cepBomotTopa. JlomyckaeMbie HallpsxKeHHA JIA KPeCTOBHHbI H3 CTaJIu 
30/1 npuHumaior o = 1000+1100 KI/cm?. ~ , 


Uinouka KpeCTOBHHbI 


Kpecrosuna YAepKUBaeTCA OT NOBOPOTa OOBIMHO nByMA lipH3MaTH4ecKHMH 
CKOJIb3AU,MMH WnHOHKaMH. Ulnonka, Kak 1paBH0, IpHBapuBaeTca K KOplycy 
pa6ouero KOsIeca CBOHMH OCHOBaHHAMH H CKONb3HT B Ma3aX KPeCTOBHHE! MPH 
ee TlepeMeleHHH. 

BesleqcTBve HakJIOHa Ceper Ha yroOJl & BOSHHKaeT TOPH3ZOHTAbHAaA COCTAaB- 
JAIOulad YCHJIMA, CTPeMAWLErOCH NOBepHYyTb KPeCTOBUHY, paBHan P., tg a, 
rne P,, — NloHOe yCHJIHe CepBOMOTOpa. — 

YcuJIHe, HEHcTBylollee Ha WINOHKY, ONpeeAeTCA H3 ypaBHeHHA MOMeHTAa 

P= Pep t@@ . re 


Zu CO 





(VIII.69) 


re rr, — pakuyc pacnooxKeHuA cepbru; 

fn — pamuye paciono»KeHHA WINOHKH; 

24, — YHCJIO WINOHOK. 7 

Inouka paccuHTpIBaeTca Ha usrH6, cpes aH yllenbHoe napaenne: Jlony- 
cKaeMoe HalpsxKeHHe Ha cpe3 AA cramu:Cr.3 t = 500+600 KI/com?. 
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Mpoymuna 


[]poyuiMHa ABJIAeTCA MpOMexKyTOUHOM eTanbio MexKAyY KpecTOBHHOH xu 
Cepbrow; C MOMOLIbIO ee OCYIIecTBIAeTCA: HX WapHHpHoe coequHeHne. IITpo- 
YIUHHa COCTOHT H3 HWHAMHApHyecKOrO XBOCTOBHKAa, BCTaBJICHHOFO B OTBepcTHe 
KpeCTOBHHBI H ‘3aKpellaeMoro TaHKOH, H TOMOBKH MpOYLIHHHI. | 

Ha puc. VIII.32 noka3aHo Ba BapwaHTa BbITONHeHHA TpoyumH. Ha 
puc. VIII.32, a noka3aHa npoymiHHa Cc rouqOBKOH, COCcTOAWIaA HW3 AByX eK 


Y 





Puc. VIII.32. Cxema npoymun 


C OTBEPCTHAMH, B KOTOPBbI€ BCTABAAeTCA Nalel, WHAHHApMyecKorO WapHuUpa. 
Cepbra BXOAMT BHYTPb TOJIOBKH. STa KOHCTpyKUHA GOomee pacnpocTpanenua. 

Ha puce. VIII.32, 6 ronoBKka. oMHapHaa; B ee OTBeEpCTHe BCTAaBJIAeTCA 
name. JiBpe TOHKHeE CepbrH NPHCOeAHHAIOTCA K! Nasbily 10 60KaM' FroOuJIOBKH 
NpOyuHIHHbl. TI poynutwHbl W3roTOBJIAIOTCA OOBINHO H3 CTaJIbHOH MOKOBKH. 


PacueT aHaJOrH4UHOH NpOYHINHb! NpHBeyzeH Bra. V Np paccMOTpeHHH HanpaB- 
Jisiomero almapatTa. — 


Cepbra 


Ceppra (puc. VIII.33) o6bmaHo H3roTOBIAeTCA M3 CTaNbHOH OTAMBKH. 
B oTpepcTHe cepbrv BCTaBJICHbI BTYJIKH H3 Ka¥eCTBEHHOH OpOH3bI, AOMycKa- 
louleH OombIUMIHe yebHbIe TaBeHua (M0 400 KI/cm*). 















ioe eed) 





Puc. VIII.33. Cxema 
L cepbri 


Cepbra paccuHTbiBaeTCA Ha pacTs»KeHve B Tpex ceyeHuax: A—A, B—B 
H B—B npu HOpMaJbHoW paboTe HW pH MaKCHMaJIbHOM YCHJIMH CepBOMOTOPpAa. 
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Ceueuue A—A. Hanpsaxenne no Jiams [109] 


o—=— 


P. 2 2 
soe (VIII.70) 


rae r, Ru d — pa3mMepbl cepbru B COOTBETCTBHH C PHCYHKOM. 
Ceueuune b—B5. Hanpsaxenne pactakenua 


P, 


o=2(R—nd’ 


Ceaenue B—B. Hanpsaxenne pactaxenna 


—__ Pe 
—~“d(2b +c) ° 


Jia ceppru, oTHBaemMoH H3 cTaH 30/1, RomycKaeMble HANPAKeHHA O, 


= 900~+1000 KI°/cm?. 


Paruar 


Pptaar B COBPeMeHHBIX KPHBOWHMHbIX MeXaHH3MaX NMOBOpOTa MpHMe- 
HACTCA CTAJIbHBIM H OOBIGHO BHINOJIHAeCTCA B BUe HaweBaeMOH Ha Wandy KOJb- 
WeBOH JeTaiH c nambiuem (puc. VITI.34). 

H3-3a orpaHHyeHHoro MecTa B NOAOCTH BTYJKH pbldYar HHOrAa MelawT 
(pacOHHbIM cO CKOCaMH. Pbrmuar cKpenaaerca c ilaHwaMH JlonacTH Oo/ITaMH 


Ao 


C —D, fr 3) we 
Dyfr,) 


D2{T2) 





Puc. VIII.34. Pparaar mexaHH3ma no- 
Bopota somactH 


(cm. puc.VIII.8). [penycmaTpuBariorca TakxKe 
UHAHHApHuecKHe LITHDTH AIA mepexqain 
KPyTAWero MOMeHTAa OT pbl¥ara AONACTH. 
TlomumMo nepeqauH KpyTAuero MOMeHTa 
CTyYNHWa pblara BOCNpHHHMaeT LeHTpobex- 
Hble CHJIbl JlomacTH HW WepewaeT HX KOpnycy 
BTYJIKH. [IpHMensaioTtca TakxKe KOHCTPyKIUHH 
pbluara Cc 3aKpenJieHHeM ero Ha iamde c n0- 
MOLLbIO WIMOHOK (cM. puc. VIII.5). BosmMoxkuHbI 
KOHCTPyKUHH, B KOTOPLIX Wanda oObeyH- 


HAeTCA Cc ppruarom. B 9ToM Cily4ae Ha (lane 


Wands mpeycMaTpuHBaeTcan MavJell. , 

Bri6op KOHCTPyYKWHH pbi¥ara 3aBHCHT OT 
oOujeH KOHCTPyKIHH H KOMIIOHOBKH MeXa- 
HH3Ma MOBOpOTa; KaxKAbIH BapHaHT celyer 
OUCHHBaTb C TOUKH 3PpeCHHA TeXHOJIOrHH H3- 
rOTOBJICEHHA HW Mmponecca cOopkKH pbiuara 
c WandoH BHYTpH BTyAKH. OOpbeqHHeHHE 
Wandbl C PbYaroM CYHIeECTBeEHHO YCJIOKH ACT 
Mpowecc NpovsBoOAcTBa AeTaseh. KOouHcTpyk- 
una ppryara (puc. VIII.34) npHmMenanacb 
Ha JIM3 aaa OonmbioH CcepHH KDpYIHBbIx 
rHApOTypOuH UW onpaBaana ce6A B Mmporecce 
NpOH3BOACTBA. 

Ppruar nojyBepraetTca OMHOBpeMeHHOMy 
eHCTBHIO YCHJHA, MpHsowKeHHOrTO K ero 


Naibiuy, OT CepBOMOTOPa H LeEHTpobexKHOH CHJIbE WOMAaCTH, Wandbl H camoro 
phgara. Ppmar paccunTbiBaetca caeqyIOWMHM MpHvO1M2xKeHHIM ciocoOoM. 

Teno pprmara paccMaTpHBaeTCA KaK KOJbIO BbICOTOH ¢ 6e3 andl, Harpy- 
*KeHHOe WeEHTpoOexKHOH CHIOH HM ONnepToe Ha ONOPHHIA OypTHK Kopmyca. 
Takoe KOJIbIO MOXKeT ObITb paccuHTaHO KaK MwocKan MviacTuHa (panel), 
HOO KaK XKECTKOE KOJIbIIO, HCNbITHIBAIOWIee TOKO TaHreHI[HaJIbHble Halips- 


2KCHHA. 
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JAA COOTHOWICHHA TOJIULHHEI 1aCTHHbI H €€ WIHPHHbI, HMEIOUHXCA B_Dpbi- 
qarax JaHHOH KOHCTPyKUWHH, CleqyeT NPHHHMaTb CXeMYy 2XKECTKOFO KOJIbIa. 
TaHreHuHaJibHble HanpsxKeHus B kOMbHe [96] 6yzyT paBHBI 


o, = On (VIII.71) 
ry in — 
1 


2 r | e 
Pa30KHB B 3TOH dopmysie In— B CTeNeHHOH pA HW TpOH3BeaA aure- 
1 : 
O6panyeckHe mpeoOpa3s0BaHua, NoyaHM 





=k, a, (VIII.72) 
rye M — u3rn6aiouwui MOMeHT B MOJIYYeHHOM KOVJIbIIe, 
| | M = a=), 
Jt 
W — mMomexT conporus.ienna, 
Wa; 


ky — KOsppHuItHeH?, YUHTHIBaIOWULHH 4=6HEPABHOMePHOCTh pacnpesxeseHHaA 
HanpAxKeHHH MO pawHycy KOVJIbila, 


Top ob 

rh ta ( b )’ . 
TT "T2° VV rep 

Slecb fp — CpeCAHHH paanyc ceyeHHA 


Mts | 
9 ’ 





k= 





l-7 = 


6b — wupHHa ceyenua, 0b =r, — fry. 
<(0,4, MOKHO npHO1MKeHHO CUHTaTb 





B calyuae, Kora OTHOIeHHe 
cp 


k= => (1 +2). (VIII.73) 





Ocna6eHHe ceYeHHA OO/TOBLIMH OTBEPCTHAMH MOXKHO yuecTb mpH6an- 
2KEHHO, CCH NPHHATb MOMEHT COMPOTHBJICHHA PaBHbIM 
y —_U-at 
_ 6 


3 


rye d — \WameTp OTBepcTHaA. 

YcuiHe CepBOMOTOPA, NepesaBaemoe Yepes Cepbry H Navel ppruara, BbI3bI- 
BaeT B Tele pbl¥ara HalipAxKenHe H3rHO6a WH KpyyeHuA. Hanpsaxenua onpe- 
WensioTca B ceueHHax A—A nu B—B. 

Ceueuue A—A. Ceuenne A—A npencraBasercs B BHJe 9KBHBaJIeHT- 
HOTO NpAMOYFOJIbHHKA C WHPHHOH OD, u paccuHTbIBaeTCA Ha Kpy4eHHe H u3rHu6 
OT HOPM@JIbHOrO H M@KCHMAaJIbHOTO yCHJHH CepBoMoTopa: 

HalpsakKeHve Kpy4yeHHa 


= Wn > 





KPYTALLMH MOMeHT 
Mp = Pa; 
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MOMEHT CONPOTHBJICHHA KDPYYeCHHIO 





Wap = ahydi, 

rye @ — 3aBHCHT oT OTHOWeHHA D/A: | 
blh . . . . 1,0 1,2 1,5 1,75 2,0 2,5 3,0 4,0 5,0 8,0 10,0 
oO... - 0,208 0,219 0,231 0,239 0,246 0,258 0,267 0,282 0,291 0,307 0,312 

Hanpsxxennve usru6a 
c= My, — Ppl 
- Wy 7 byhy 
6 


Ceueuune H—B5. Jivamerpanbuoe ceuenne b—B  paccuutpiaerca 
Ha H3rH6.OT HOPMaJIbHOrO H MaKCHMaJIbHOTO yCHJIHMH CepBOMOTOpa: 
Hanpsxkenue usru6a 








My 
0, = V, . 
H3rHO6a1oulHH MOMeHT 
MOMCHT COIPOTHBJIeCHHA 
| J 
Y= —*-: 
2 Ymax ” 


MOMCHT HHepuHH ceyenHs B—B6 OTHOCHTebHO HeHTpalbHOH ocuH (XX) 


t (D3 — D3) 


J,= 12 


Jina pprara “3 cramu 35 JonycKaemble HanpsKeHHA B Tese pbluara Oo, 
= 1000+1200 kI/cm?. 


[anew pprara 


lane, ppriara (puc. VIII.34) paccunrnipaerca Ha H3rH6, cpes H yebHOe 


aBsieHHe Ha BTyJKe pH HOpMaJIbHOH paOoTe H pH MaKCHMAaJIbHOM YCHJMH 
cepBOMOTOPpa. 


Hanpsxenue Ha u3sru6 B Nambue AOnycKalor Gompue, ueM B Tele pbryara 


(5, = 1300 KI/cm? aaa cranu 35). Mane Take cleq_yeT MpoBepATb Ha ycTa- 
JIOCTb, TaK KaK OH HCIIbITbIBAeT 3HAKOMePeMeHHy!IO Harpy3ky. 
lanca 


Ilanda npeyctaBsaaet coO6oH MaCCHBHY!O CTaJIbHy!0 OTJIMBKYy, COeqHHA- 
tollyiocH OoJITaMH c @waHuem sionacTH. Kaxjan wanda ycTaHaBJuBaeTca 
B kopnyce paOouero Koeca NepMeHIHKYJIAPHO K OCH TYPOHHBI H MOXET MOBO- 
PpauyHBaTbCA Ha OPOH3OBbIX BTYJIKaX, 3aKPeMVJICHHbIX B rHe3fax Kopmyca pa6bo- 
yero KoJIeca. OT nepeMelIeHHA B palvaJIbHOM HanpaBJleHHH Wanda yepxKu- 
BaeTCA YMOPHbIM OypTHKOM. 

OnbiT AJIHTeIbHOH 9SKcMyaTauHH TypOHH C MOBOPOTHbIMH JIOMacTAMu 
(cBbie 30 seT) NOKa3bIBaeT, 4TO IpWMeHeHHe B KauyecTBe ONOP AIA Lard 
omacTeH NOMWHMHHKOB H3 OpOH3OBbIX BTYJIOK BNOHe ceOxa ONpaBaAaso. H3Hoc 
NOAWIHMNHHKOB, KaK NpaBHJIO, HeE3HAYHTeJIeH, HeECMOTPA Ha TO, 4TO yrsoBoe 
ABHKeHHE aldbbl YacTO HOCHT KOJleOaTeJIbHbIM XapaKTep H CJIHIIKOM MeJ- 
J@HHBIM IInd OOpa30BaHHA MaCJAAHOH WIeHKH. Jia paBHoMepHoro pacripese- 
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WeHUA Harpy3KH Mo Bee JMHe BTYAKH TOAWUNHHKa HEOOXOAMMO HDPaBHJIbHO 
BbIOUpaTb AHAMeTPaJIbHble 3a30pbl C yYeTOM YyNpyrux ebopMaluh warncpbl. 

B nocseqHee BpeMaA AA ONOp Wand JoNacTeH cTaH MpHMeHATb NOMUHI- 
HHKH KaveHHA. OHH NO3BO/AIOT. YMCHDIIHTb YCHJIMA JIA NOBOpoTa sonacten. 
IIpu Takux moxuiMnHuKax HeOOxO,MMO IPHMeHeHHe CilelMalbHOH MpOTHBO- 
KOPPpO3HOHHOH MaCJIAHOH CMa3KH H HafexkHOe yIJIOTHeHHe NPOTHB BbITeKaHHA 
Macjla HapyKy H NPOHHKHOBeHHA BODHI. 

Llandpt PaccuHTbIBalOTCA Kak apyxonopHand Ganka (puc. VITI.35), Harpy- 
2KeCHHAaA CHCTeMOM CHI, JeEHCTBYIOINUX Ha WOMaCcTh padouero Kovleca, H yCHHeM, 
mepelaBaeMbIM Yepe3 cepbry H: Pbl-. 
yar. IIpH SsTOoM’B- 4HeNIe BHeEWIHHX 
CHJI pacCMaTpHBaeTcaA oOceBOoe yCH- 
ane P, uw Bec sonacTu G. : 

Mo BeIMUHHAaM peak nan R, 
H Ry, ONpeseNAIOT YebAbIe MaBJe- 
HHA B Wandax, a TakxKe MOMECHTHI 
TDeHHA, IPCHATCTBYIOUHe MOBOPOTYy 
JomacTH H oONpesesaiouwe HapALy 
C rHApaBJW4eCKHM MOMCHTOM BeJIH- 
WHHY HeEOOXOAMMOTO yCHJHA CepBo- 
MoTOpa pa6ouero KOJIeca. STH peak- 
WHH ONpeleNAIOTCA H3 ypaBHeHHh 
CTaTHKH IIpH pacueTe HeOOxoAHMOrO 
yCHJIMA CepBOMOTOpa. 

YcuHe oT cepBomoTopa P, cuH- 
Ta€TCA MIpHJIOMKeHHBIM B CeYeHHH /N. 
Cuma P, B Je@HCTBHTeIbHOCTH NpH- 
jomwkeHa K Warde B ceueHHH mM. 
YUTo6br YAOBJIETBOPHTb YCAOBHIO CTa- © 
THKH HW COXPaHHTb BeJIHYHHY peak- 
UHH. -B ceYeHHH * NPHKJIabiBaeM 
MoMeHT My, = P,a. []pu sTom ypas- 
HOBCILHBaloulwM MOM@HTOM, jeH- 
CTBYIOIMMM Ha Iandy somactTH co 
CTOPOHbI ymopHoro OypTHKa, mpe- Puc. VIJI.35. Cxema mandy aonacru 
HeOperalorT. | 

Siiopa HsrH6alolwlH4X MOMeHTOB TipefcTaBieHa Ha PHC. VITI.35. Benuuuna 
MsrHOalomjerO MOMEHTA B KaXKJIOM H3 paCueTHLIX CeYeHHH MOKeT ObITb BbIpa- 
*KeHa NpOusBeseHHveM peakunHn R va cooTBeTCTBylollee Newo. CreqoBaTesbHO, 
IPH BbIYHCJICHHH H3rvOaloulHX MOMeHTOB B Ce4eHHH andl HeT HEOOXOAHMOCTH 
paCCMaTPHBaTb CHCTeMY BHEeIWIHHX CHI, MOCTaTOUHO NipH 3TOM HMeTb MaKCH- 
MaJIbHOe 3HayeHHe peakuHH R. 

Tipu KoHcTpyHpoBaHHu wandbl cwexyeT ROOMBATbCA PaBHOMepHOrO pac- 
MpesqeseHHA HallpAxKeHHA MO AiHHe andl. TeoperwueckH Oaky paBHOrO 
COIPOTHBJICHHA U3rH6y MOXKHO CKOHCFp YHPOBaTb, HOAb3YACb CJIELYIOULUM 
BbIp AaKCHHEM: 






ae | + 





Lie 
| nS BUN INTN 
ce 







IU Odon 


d, = (=. oe ay" xu, (VIII.74) 


rie d,— wameTp wWwandbt c KoopaAuHaToH X; | 
X — KOOPAHHAaTa, OTCUHTHIBAeMaN OT ONOpH J; 
Oaon —— HOMycKaemoe Hamp saKeHHe n3ru6a; 
Ry — peakiuA Onmopbi 1. 
KoutTyp TaKkow 6aJIKH paBHOrO CONPOTHBJeCHHA, NOKa3aHHbIh Ha pHCcyHKe 
IUTPHXOBOH JIMHHeH, BIIHCbIBaeTCA B peaJIbHbIM KOHTyp. MakTHyeCKH HaNpsA- 
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*KeHHe H3rH6a onpesesneTcA OObIMHO B YeTbIPex ceyeHHAX Wands (A—A, 
b—6h, B—B, [—lI): 
H3rHOaloljHH MOMeHT 


M, = Ri Xj; 
MOMEHT COMPOTHBJIeHHA 
w 
~ 32? 


rie d; — COOTBeETCTBYIOUWH WHaMeTp Wandpl. 
JlonyckaeMble HallpAxKeHHA JIA Wandbl H3 cTanH 35 MPHHUMAIOT Og 
= 1200+ 1300 KI/cm?. 
¥ eJIbHbIe AaBNeHHA Ha Wwandbax J u 9 OyAyT paBHBI: 


— i, — Re 
Par an Pee a 


YebHoe aBeHHe Ha OypTHK pacCUHTHIBaeTCA OT AeHCTBUA WeHTpOOex- 
HOH CHJIbl Mp HOPMAJIbHBIX H pa3TOHHbIX OOopoTax 


Pgy= £ = ——£ 
S= = R 
> (4-4) 


aa BryioKkK wand mpHMenHHAeTCH BbICOKOKaYeCTBEHHaAA © O6poH3a 
(Bp. 0010-1), wonycKaroulad yieswbHoe JaBseHve p = 300 KI /cm?. 


5. JIONACT PABOYEFO KOJIECA 


JlomacTb paOouero kovleca NOBOpoTHouONactHO! TYpOHHHI, BOCIIPHHHMaA 
SHeprHlo NOTOKAa, HaXOAHTCA NOX BOSAeHCTBHEM 3HAYHMTebHOTO rHuApaBnue- 
CKOrO aBJICHHA, NOSTOMY ee POPMAa H Pa3MePbI AOJOKHKI YAOBJETBOPATH Tpe- 
OOBaHHAM He TOJIbKO XxOpomleH OOTeKaemMoOcTH, OOecne4HBaIOWeH OMTHMAJIbHbIe 
39HepreTH4ecKkHe H KaBHTAaWHOHHble CBOHCTBA, HO H ObITb NpOUHOH, OOectteuH- 
BaTb MJIMTeJIbHY!IO HalexKHylo padory TYpOMHLY. 

JlomacTb (pu. VIII.36) cocrouT u3\nepa / u brania 2, IpHMbIKatoulero 
K BHYyTpeHHeH uacTH nepa. Wnorga diahell nWepeXoAHT B OTAHTyIO C HHM 
3a0fHO Landy. KoncrpyKUHA KoOvIeca C AONACTAMH C WeJIbHOAMTBIMH Wancdamy 
Oosee Mpocta, OJHAKO CyIeCTBCHHbIM HeEAOCTATKOM JIONAaCTH C LeJIbHOJIHTbIMH 
anpaMu ABJIAeTCA yCOwKHeHHeE Mpomecca ee OOpaboTKH, COOPpKH H JeMOH- 
Taxa. IIpH 6oubuIix JomacTaX TpyMHO NOy4MTb B MecTe Npoxoyza diana 
K lance Xopoliee KayeCTBO OTJHBKH. Tam MOABJIAIOTCA PAKOBHHBI H PbIXJIOCTH 
H BO3HHKAIOT ycagqouHbie HanpaxKeHHA. TlostTOMy y KpynHblX TyYpOHH JlomacTH 
JeaioT OObEMHBIMH OT Llandpl. Dane npescTaBlaeT COGOH MACCHBHBIH AHCK, 
NaBHO nepexoxqAWiHH K Nepy sonacTH. Bo daanue HMeIOTCA OTBePCTHA 3 
Wid ero KpenseHHa kK wande. Kpenmenve ocyulecTBAaeTca OONTaMH, BOC- 
IIPHHHMAIOWHMH pacTATHMBalollve yCHJIHA. 

KpyTaAllu MOMeHT JIOMacTH BOCNPHHHMAaeTCA IHJIM Hp H4eCKHMH wtnd- 


TaMH 4, yCTaHOBJICHHbIMH OObIMHO BO @laHlle C ThIJIbHOH CTOPOHbI Nepa Joa-. © 


cTH. Takoe HX pacnoulomeHHe No3BONAeT Goee WeMeCOOOpa3sHO HCNOMb3OBaTb 
NOBEPXHOCTh PilaHla AAA BbINOJHEHHA OTBEPCTHH NOX SosTH. OTHOCHTebHO 
TOHKOE Nepo JoMactTH y (Plana HMeeT OOJIbILYIO TOJIIMHHY HW YTOHAeTCA K MepH- 
cbepuu. PaguvabHoe ceyeHHe mepa HMeeT KIHHOOOpasHyWo dopmy. Lhyanygzpu- 
yeckHe Ce“YeHHA NOKa3aHbl Ha 3TOM Ke pucyHKe. Bxoquan KpoMKa Nepa Tome, 
4ueM BbIXOJHan. Takaa dbopma Jlomactu BblOupaetca JA TOTO, 4TOObI OGecrie- 
YHTb XOPOLIy!0 OOTEKAeMOCTb €€ NOTOKOM BOAbI H paBHompounoct. Jhaia yay4- 


WeHHA KaBuTalHOHHbIxX CBOHCTB —HeOOxOHMO TIPHMCHATb WO BOSMOMHOCTH 
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TOHKHE JIOMacTH. KaBHTalHOHHble CBOHCTBa. JOMaCTH 3aBHCAT OT BeJIMUHHbI 
e€ MOBEpXHOCTH: 4eM ona Coble, TeM MeHbIUIe KaBHTal\HOHHbIit - Kosppu- 
IWHeHT. 

Tlepo monactu B: nwiaHne Mee? BH, 4YaCTH KPyFOBOro KOVJbIA, nOBepxXHOCTE 
KOTOporo ci1a60 H3OTHYyTAa B MpocTpanctse. [loBepxuocTb 3Ta 3ayaercA WHAHH- 
ApWuecKuMu ceyeHHaAMH /—V, KoTOpble onpesenAloT Mpopusb HM KPHBHSHY 
nepa JIOMacTH, e€e:OCb BpallleHHA WH MOOKeHHe Tepa JlomacTH 10 OTHOWeHHIO 
K *ulaHiy. O6sriH0 cbopMa JlonacTeH JeHcTBUTeIbHOH TYPOHHEI BbINOHAeTCA 
TeOMeETPH4eCKH NOAOOHOK dopMe MOJe/IbHOH JIOMAaCTH, HCHbITaHHOH B s1a60- 
patopuu. [lostomy yepTexH moMmacTH H ee Ce“eHHE BbINOJIHAIOTCA Ha OCHOBAHHH 
vepTexkeH MOJeH TOrO THMa padouero KONeCa, KOTOPbI BLIOpaH JIA 1WpoeKTH- 

| pyemou TypOunt. 
_ Bee AHHeHMHbIe pa3sMepbi nepecaHTbIBa- 
IOTCA B OTHOWICHHH 


A= 2 





? 
Dia 


rie D,, — AuameTp Kouleca; 
D4, — AvamMeTp MOgemMH. 


Oco nobopoma Le He fonyckaeTcs BOJIHHCTOCTh MoBepXx- 
honacmu ; 


HOCTH Tlepa JlOMmacTH nocwe WInpoBaHHA. 
Jaa MpoBepKH NpopusA NonacrH MOrytT 
TIPHMeHATDCA CeMHabHbIe MpocTpaH- 
CTBCHHbIe WaOJOHbI, H3FOTOBJICHHbIe H3 
CTAJIBHbIX JIMCTOB JIA pa6ouwen (BepxHelt) 
MH Hepa6ouei (HHKHeH) MOBepxHocTei 
nepa JlomacTH. Cxema wa6so0Ha u306pa- 
*euHa Ha puc. VIII.37. MWla6n0n cocrout 
H3 YTOPH3OHTaJIbHOH IVIHTbI-OCHOBaHHA, 
K KOTOPOH IIpHBapeHbi CTaJIbHbie JIMCTHI, 
H30rHyTble H paclOJIOKeHHble B COOTBET- 
CTBHH C IWHJIMHAPH4YeCKHMH CeYeHHAMH, 
3a]aBaeMbIMH Ha YepTexe JonactTH. Opsn- 
, HaTbl KaxKAOrO JMCTa wWaOMOHa 3aaioT 
Puce. VIII.37. Wa6nonp Aaa np oBep KH oOuepTaHHA Npopbusa womacTH. Ha JHCcTHbI 





npopuia onactH: iia6JIoHa HAHOCATCA OCeBbIe JIMHHH X—x 
1--6—1HCTbI HHKHErO wWa6sona; /e—b6e — __ . 
MCTH BepxHero ma6nona H Y—Y, NepeceyqeHHe KOTOPbIX (pHKCH 


pyeT Ocb NoBopota JonacrTH. 

IJpopepka npodusieH BXOJHbIX HM BLIXOAHbIX KPOMOK JIOMaCTH MpOH3BOUHTCA 
MNVIOCKHMH wiadsoHaMH. IIpH mpoBepke nNOBepXHOCTH JONacTH AOMycKarorT cyJie- 
Wylollve OTKJIOHeHHA: 

1. Ilo TtommuHe mepa somacrH B cpeqHemM yToHeHue He Goviee 0,0005D,, 
yTroumeHve He Gomee 0,0015D,. 

Aaa monactret Typ6uH Bosmxckux TSC c Anametpom Koneca D = 9,3 m 
B 3€BHCHMOCTH OT Ce€4eCHHA JIOMACTH yCTaHaBJIMBaJIHCb pa3Hble AOMyCcKaemble 


OTKJIOHCHHA TO TOJMMHe (B mM): 


10 
a) JWIA ceueHHa Ha Tlepudepuu ‘4; 


6) aia cpequero cesenna “2; 


B) [ia ceyenua y cbaana*s. : | 

2. OTKNOHeHHe loBepxHOCTH nepa sonactH ma6m0Ha BO BCex TOUKaXx 
BOrHYTOH NOBepXHOCTH B cpefqHemM paBHOo 0,0015D,. 

Onpeneenue OTKAOHEHHH OCYIIeCCTBIAeTCH 3aMePOM gagopa. Aas 
sonactuH TypOunE! Bowoxcxoh [SIC um. JiequHa oTKMOHeHHe BOrHyTOH MoBepx- 
HOCTH OT wiaO610Ha AONycKasiocb He Gosee 15 mau. Ja Ayumero npueranna 
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IWaG OHA. JONYCKaeTcH CMelneHHe 1la610HAa 10 CeYeHHAM B pajvasIbHOM HanpaB- 
J@HHH Ha. +15 mm. 

I]naBHocTb Mepexofa oT ceyeHuA K Ce4YeHHIO B palHaJbHOM HalpaBseHHH 
NpoBepAgach HAaJOKeHHeEM. AHHEHKH JIMHOH 500 mm - HepneHAMKyJIA PHO 
WHJIMHApHaeCKHM CeYeCHHAM: JOMAaCTH; pH STOM MpocBeT. MOA AHHeEMKOH Aony- 
cKasica He Ooee 5 mum. 

_ Buytpenuee Topiesoe cevenve sonacru, IIpHMbiKaloujee K KOpllycy pa6o- 
yero KOJIeCa, JOJUKHO OOpabaThLiBaTbca Tak, 4TOOHI Gbla O6ecneueHa BO3MOXK- 
HOCTb pa3BOpoTa JONacTH Ha NOHOe OTKphiTHe. I]pu NOHOM OTKDPBITHH: JoMa- 
CTH OCTaBJIAIOT 3a30p MeXKAY HeH WH KOplycom paGoyero Koyeca Hu: OOTeKaTe- 
JleM He MeHee 5 mm AIA TypOHH D, = 9,3 m.. 

OtTcyTcTBHe ynopa KpOMKH JlomacTH B Kopmyc Hu OOTeKaTeb IPH NOJIHOM 
OTKPHITHH OOA3AaTeIbHO NpoBepsAIOT pH COopke Koueca. YBenuyenne 3a30pa 
Gosee 5 mM Hellenecoo6pa3sHo, TaK Kak 
pH CpeAHeM. NOJIOMKeHHH. MOMAacTH WJ ae 
OH3KOM K 3aKPbITOMY 3TOT 3a30p 3HauH- , 
T@JIbHO BO3pacTaeT H MOryT NOABHTBCA 
CYIIe€CTBEHHbIe MpOTeuKH BOJBHI. 

CrelyeT, O1HakO, HM€Tb B BHJY, 4TO 
N'pHMeHAeMbIe BBIMeyKa3aHHble MOmycKH 
Ha OTKJIOHEHHE Pa3MepOB JOMACTH XOTA 4... W111.38. Cxema KOHCTpYKUME 32- 
H JjaloT MaJible H3MeCHeEHHA COpMbI oOOTe- rlytiKH slomactH 
Kae€MOH MOBeEpXHOCTH, MOTyT BCe Ke NpH- 

BeCTH- K CYII€CTBeEHHbIM H3MCHEHHAM MeCTHBIX CKOpOCTeH HU aBJeHHi 
Ha. Ipoduvie UH, CeOBaTeJIbHO, K yYCHJICHHIO MECTHbIX KaBHTalLMOHHBIX ABJICHHH. 

Orsepctue 5 (puc. VIII.36) cryxutT aa ycraHOBKH MOHTaxKHOrO MpHcno- 
cOOeHHA, C NOMOMbIO KOTOPOrTO KOJIecO B COOpaHHOM BHAe NOABeMIMBaeTCA 
mpH MOHTaKe arperata K Kamepe paOouero Komeca. MOHTaxKHbIe OTBeEpCcTHA 
3AKPbIBaIOTCA CHeMHaIbHBIMH 3aryWIKaMH, KOTOPble JOJKHLI ObITb XOPOIIO 
3aKpellJIeHbl, YTOObI OHH He BLIBAJIMBaJIHCb pH paboTre koueca. Ecsiu 3arayuika : 
NOXO MIpHrHaha HH BbIlaqaeT WH OTKPbIBAeTCA OTBepcTHe B Mepe oMacTH, 
TO B 3TOM MeCTe HaYHHaeTCA HHTCHCHBHAA KaBHTAaMA M pasbeanue NMOBepx- 
HOCTH JIOMAaCTH. : 

IlpumMenenue Js MOHTA2KHBIX | OTBepcTHii 3aryuieK Ha pesb6e Hellemeco- 
o6pa3snHo. Jlyame 3ariyuiku ycTaHaBJIMBaTb 6e3 pe3sbObi Ha pabouelt u Hepabo- 
yeH MOBeEpXHOCTAX JOMacTeH HW CKpeNJATb Mexy CoOoH Gositom (puc. VITI.38).. 
@MylaHell 3arJlylKH Cleqyer JelaTb SKCILEHTPHYHbIM, 3TO | OyneT IpelATCTBO- 
BaTb CaMOOTBHHUMBaHHIO 3aQPrJlyuiKH. 





Matepnaa sonactu 


JlomacTH, HCIBbITbIBad COBMecTHOe JeHCTBHe Harpy3KH OT MOTOKa BOJbI H 
IeCHTPO6exKHbIX CHJI, HAXOJATCA B KOPpO3HOHHOH Cpee HW NOsBepralotes cie- 
IH®HYeCKHM KABHTAIHOHHbIM Ppa3PYyIICHHAM, BbI3bIBaIOINHMM 3PO3HIO MaTe- 
puHaina. [losromy K MaTepHadly JionacTeH NpeAbABAIOTCA He TOJbKO TpeboBa- 
HHA, KaCalollvecA MeX@HHueCKHX CBOHCTB MeTaJiia, OO6ecneyHBaIOIux HeO6- 
XOAHMYIO MpOUHOCTh AOMaCTH, HO WH CTOHKOCTb MeTaJia MpOTHB KaBHTalHOH- 
HOTO pa3pylWleHHA ee NOBepPXHOCTH. 

Ha puc. VIII.39 noka3aHa monacTh Cc XapaKTepHbIMH C/IeqaMH KaBHTAa- 
IHOHHOFO pa3spylIeHHA Noce AAHTeIbHOH paboTtH. Ilostomy Aaa sonactTer 
rHipOTyp6HH Hao NPHMeHATb MaTepHaJIbIl, CMOCOGHEIE MPOTHBOCTOATb KaBH- 
TalHOHHbIM pa3spymeHHaM. B npakTuke rHypoTypOocTpoeHua WoMacTH M3Pro- 
TOBMANHCh W3 yrlepORUCTOH CTaJH (30/1), MasloulerHpoBaHHon cTramH (20PC/1) 
H BbICOKOJerHpoBaHHOH xpomucTonH (20X133HVI). LIpuMeHsJIHCb jlomactTHu 
H OnMeTasMuecKkHe (O6JIMILOBAaHHbIe). 
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XOTA O6bIHO yrepOANCTaA H MaJIOJeErHpOBaHHad CTaJIH ABJIAIOTCA Jelle- 
BLIM MaTepHasOM, TIpHMeHeHHeE HX MIA wonacteH Helenecoo6pa3sHO BBHY 
MaJIOH CONMPOTHBJIA€MOCTH KaBHTallHOHHbIM pa3spyleHHaM. 

Bumetrasnyeckve jlomacTH, B KOTOPBIX OCHOBHOe TeNO AOMAaCTH OTTO 
H3 MaJlOJerHpoBaHHOH CTaH WM OOAHUOBaHO JJHCTaMH M3 Hep>KaBelollen cTaiy 
C MOMOLLbIO CBAPKH, OKa3aJIHCb B 9KCHYaTalHH He BCerya HaexKHbIMH. JLMCTHI 
B mpolecce pa6oThl OTpbIBaIHcb. Bowlee HayexKHbIMH B 9KCIyaTawHH OKa3a- 
JHCb JlOMacTH C HallwaBKOH H3 Hep2KaBerollen CTaJH. 

Han6o1bplee npHMeHeHHe B TrHApoTypOocTpoeHHu ANIA KPYNHbIX FHyApo- 
TYPOHH HMeCIOT AHTbIe WONacTH H3 BbICOKONerHpoBaHHoH cTamH 20X14HUJI. 
OTa cTasib OONaqaeT WOCTaTOUHOH KaBUTAINHOHHOH CTOHKOCTbIO, HMeeT XOpPO- 
wie MexaHHuecknHe cBOHcTBa. IIpe- 






Paxobuner ia omnes len texyyectu y Hee 30 KI/mm?, 
G=Bx20%5) ES. g-Ox25x1 -- OAHAKO 9TAa CTab OOMalaeT He OYeHb 

ant . e RK B00 400 XOPOLIHMH JIMTeCHHbIMH CBOHCTBaMH 
x wae, 


H Ih 3aBapku ee TpeOyetTca mojo- 
rpesp 0 Temnepatypbhr 200—450° C, 
@ 93TO YCJIOMKHACT PeMOHT JIONAacTH 
c nH 499 © 9KCiyaTalHOHHBIX yCJIOBHAX. 
Ha pue. VIII.40 noxa3aHa koH- 
CTPYKUHA ONBITHOH CBapHOH JoMa- 
cTH (JIM3). Ona cocrouT 43 AHTOTO 
dulaHia 2, K KOTOPOMy NpHBapeHo 
~frepo sionactu /. Ilepo COCTOHT H3 
JIMTBIX WacTeH BXOJHOH KPOMKH 6 H 7 
H JHTOH BbLIXOMHOW uacTH Nepa 3. 
Ou oTsuBaiotca “3 cTanmu 20TCJI. 
IlentpambHaad uacTb nepa cBapeHa 
Pue. VIII.39. Jlonactb co cneqamu KaputauH- H3 CTAJbHbIX JIMCTOB H IIpeACTaBJIAeT 
OHHOrO PaspyWieHHA Ha HMKHeH NopepxHOcTd coO6oH KapKac KOpoOyaToro ceyeHHA 
nocne 34000 4 pa6oTh (MaTepHan — Hepxa- paHaJIbHBIMH HM KPYFOBbIMH pe- 
Beloulaat cTaJib) 

Opamv. OcHOBaHHeM KapkKaca ABJA- 
lOoTCA JHCTHI 8 TepeMeHHOH TomWHHEI (or 60 no 20 mm), CBapeHHbie MexKy 
co6oH Hv OOpa3yloulHe HHKHIOIO TIOBeEPpXHOCTb Nepa onacTH. K strum peOpam 
lipHBapeHbi pawnabuble peOpa 4 uw Kpyrosble 3. BepxHaa NOBepXHOCTb JIoMacTH 
o6pa3yeTca MlacTHHKaMH 9, BBapHBaeMbIMH MeKAY palwasIbHbIMH H KPyro- 
BLIMH peOpamu. | 

Ilocne cBapkKH JlomacTH MpexycMaTpHBaeTca TepMooOpaboTKa — oTMycK 
WIA CHATHA HanpaxKeHHH. Ilepo AonacTuH NOKpbiBaetcaA OOMHILOBKON H3 Hep xKa- 
Belolleh CTaIH. QKCMAyaTauwA TaKHX MOMNAaAcTeH Walla NOMOKUTeIbHMe Pe3yJIb- 
TaTbl. 

Bec cBpapHou wonacTH, pa3spa6oTaHHoH Aaa TypOuH BoamcKxon TOC (D = . 
= 9,3 m), IpHMepHO Ha 7 m MeHbILIe JIMTOH JONacTH. TakHM OOpa30M, Ha OJHOM 
Kosece, HMelolleM 6 JonacTeH, OOWMH Bec CHM KaeTCA Ha 42 m, a 3KOHOMHA 
MeTaJia JocTuraet 60 m. Kpome ° TOFO, IpOH3BOACTBO CBapHbIX JIOMacTeH MO2KeT 
ObITb OpraHH30BaHO Ha J1060M MaLJMHOCTPOHTeAbHOM 3aBoye H He CBA3aHO 
C HaJIM4HeM MOIIHbIX 37eKTpONneyeH, TpeOyIOUIMXCA AAA AMTbIX OnactTen. 

 B cayyae npumMeHeHua slomacTeH Cc HalwaBKOoH (HalviaBKa Hep KaBelollet 
CTaJIH Ha yrviepodHcTyio) CleLyeT NPOH3BOAHTb B Ba COA, TaK Kak B NepBOM 
HalJlaBJIGHHOM CJI0€ BO BpeMA TIpowecca MIaBJCHHA, OCYLIECTBAIACMOM 3JICK- 
TPOLYrOH, MpOHCXOAHT pacTBOpeHve xpoMa H HHKesA. HyKHBbIM COCTaB Ha- 
NaBKH COXpaHAeTCA JHIIb BO BTOPOM Ciloe. HanmaBKy Ha JOMacTb CilelyeT 
IIPOH3BOJHTb C HOMOIMIbIO ABTOMATHYeCKHX CBapO4HbIX arperaTos. Jina nol- 
jlep2KaHHA HYKHOTO paccTOAHHA Me@XKZY WIeCKTpOZaMH H MNOBepXHOCTAMH 
JOMACTH HpelyCMaTPHBaIOTCA COOTBeTCTBYyIOWIMe NpHcnoco6seHHA. HanmaBka 
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Omdenouat | 
parahiy ZnybuHol 
200 * 1005 (ryboxue paxobute 30 x15 
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HH O6HWOBKAa, BbINOIHeHHbIe Ha 3aBoOJe, OOXOAATCA 3HAYHTEIbHO AelleBe, 
yeM paOoThI 110 peMOHTy JOMacTeH Ha FHA pocTanHyn. 

Ilepo nonactTuv O6bIdHO OTJIMBaeTCA C MPHMyYCKOM MO TOJINHHe Ha AaJibHeH- 
uyio oOpaboTKy. Tlostomy MmpHxOAHTCH MPHMeHATb CMeWMaJbHbIe CTaHKH 
WIA MeXaHHyecKoH OOpaOoTKH NoBepxHocTeH epa JomactH. 


PacueT jiomacTH Ha NpOYHOCTb 


JlonactTb pa6ouero KOJIeca TpescTaBsAer ‘ co6olt sallemsentHtyi0 Cc OHOK 
CTOPOHbI CHJIbHO HCKPHBJICHHYIO MMaCTHHY TepeMeCHHOH TOMULHHbI, HMEIOLULY!O 
B lliaHe @opMy KDPYyrOBOrO KOJIbILa, Harpy2XXeHHY!O HepaBHOMePHbIM JaBuie- 
HH€M, 3aBHCALIMM OT pexKHMa paOoThl TypOHHBI. PacueT JlomacTH OObIMHO 
HOCHT NOBepOuHbIM XapaktTep, T. e: MO 3a]aHHbIM pasMepaM sJoMacTH, o6ec- 
N€UHBAaIOWHM ONTHMA@JIbHbIe SHePreTHYeCKHe CBOHCTBA, ONpPeeAIOT Halips- 
*KeHHA B JOMACTH AJA COOTBETCTBYIOWIHX Pe2KHMOB pa6orst. 

IIpH BecbMa npH61W2KeHHOM pacueTe OMaCTb MOXKHO pacCMaTPHBaTb Kak 
NJIOCKYIO IaCTHHY, HaXOMAULyIocH MO paBHOMepHO paciipewevIeHHbIM aB- 
JIGHHeM. . HanpsKenus onpeneraor B KOPHEBOM H «KOCOM» Ce4eHHH y BBIXO]- 

HOH KPOMKH. 
I]popepka npounocTH KOpHeBOro 
CeuyeHHA IMpOHSBOAHTCA Ha M3rHO U 
KpyyeHHe aHaJIOrH4HO pacuety ceue- 
Yer tag HHA 3aeJIKH KOHCOJIbHOH OaJKH. 


———— c  Bauanne wextTpoOexHowH  CHVJIbI 

Ryr fT slomacTH Ha HalpaxKeHHe u3rHba 
& | Go R, B KOPHeBOM cCe4¥eHHH MPH TaKOM 
_ pacuete CUHTaIOT He3HadHTeJIbHbIM H 

Ry 3 NOSTOMY He Y4HTbIBAaIOT, BCeCTBHE 


yero HalipsxxKeHHe H3rH6a pH Hop- 
MaJIbHOH paOoTe HM pa3roHe B pac- 
Puc. VIIJ.41. Cxema payvWambHoro ceyeHHaA § yeTe IIPHHHMAalOoT OMHHAKOBbIMH. 
wonacTH Ilpu pacuete BhIOHpatoT HECKOWIb- 
KO «KOCbIX» C€UeHHH BOJIH3H BbIXO- 
HOH KpoMKH. IlocrpoeHve KaxAOTO CeYeHHA MPOH3BOAUNTCA HOO MyTeM Helio- 
CpeJCTBeHHOTO OOMepa MOJeH JOMaCTH, 4TO HaHGomee Wemecoo6pasHo, 1H60 
NO TeOpeTH4YeCKHM YepTexKaM JoMactTH. B nocweqHeM CjJy4yae ‘KOCOe ce4yeHHe 
olpenqeisioT Tak. B naane sonactu (puc. VIII.36) mpoBogzat KOcoe ceyeHne 
(HanpumMep, B—B). Touxa K nepeceyeHua 3sToro ceyeHHA C IHJIMHIpH4ecKHM 
ceyennem //—2 OyfeT OnpesenATbCcA KoOpnuHatamMuH AX, u AL,. Ha WHaHH- 
apuueckom ceyenuu.//—2 sta TouKa K Oyer onpeweNATbCA OT 6a30B0H MVIO- 
cxoctH NN xKoopyzunatamy A,. Tommuua ceyeHua siomacTH 6yneT paBHa Ox. 
AHaJOrM4uHO MOKHO HaHTH KOOPAHHATH H TOJUIMHbI CeyeHHH slomacTH AIA 
APYFHX ToYeK Kocoro ceyeHHA, MepeceKatolleroca Cc Apyrum WHAM HpHYeCKUM 
ceyeHHeM, HM MOCTPpOHTb HCKOMOe KOCOe ceyeHHe B—B. | 
Moment COMpPOTHBJIEHHA KOCOrO ceueHHA onpeneaserca OObINHbIM IIpH- 
OIM2KeHHE'M WyTeM. VisrHOatoulHi MOMeHT B pacueTHOM KOPHEBOM ceueHHu 
(puc. VIII.41) 6yner paBen 


M, = P,(Ry.a— Rp) + G (Rum — Rp) (VIII.75) 
Payuyc WeHTpa aBseHua, OnpeeeHHbIA Kak ‘paauyce HHAMHAP U4eCKOTO 
C@€UCHHA, AeJIAWero pacxoA Tonga, 


Ry a= / Rt fom S17 Tem (VIII.76) 


rye R, — palvyc WHAMHApHyecKoro ceyeHuA, C KOTOpOrO HauHHaeTCA Mepe- 
XOWHaA TaliTentb BO @JlaHell. 
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. PuspaBauyeckacw oceBan Harpy3Ka Ha OAHY AOMaCTb PaBHa 


a (D; — D*,) yH 





P, — (VIIL.77) 
MomeHT CONpPOTHBJeCHHA KOpHeBOrO Ce4“eHHA 
ae 
- Ymax 


IIpu onpefeweHHv MOMeHTa HHeEplHH ceyeHHA HanpaBseHve HelTpaJbHOn 
ocu O—O caelyeT IpHHHMaTb MapasenbHo xopyze npodpusa (puc. VITI.42). 


MoMeHT HHepmwlHH KopHesBoro ceye- 
HHA OTHOCHTeCJIbHO HeHTPaJIbHOH OCH 


Fhe 
| i=) 2 + 
a » Fiy? — yf. » F;; (VAUIT.78) 


OPpAHHaTa HeHTpasbHOH OCH — 
9 _ YS iF i 
[C SF: ’ 


HalipaxKeHHe u3rHba 








Mu 
0, = W ; 
Hal pAKCHHE paCTHRKCHHA 
5 _ C. 
p~— F° 


Llentpo6OexHanA CHa MNOACUHTHI- 
BaeTCA IIpH HOPMaJIbHbIX HW pa3rOHHbIX 
yucax OOOPOTOB. a 

-CyMMapHoe HanpsaxKenHe 





O = 0, + 5p. oO Puc, VIII.42. Cxema, wuaHHApH4eckoro ce- 
| | | YeHHA JIA ONpeseseHHA MOMCHTa HHepILHv 
Hanpsaxenne Kpy¥eHuxA KOpHeBOrO | nonactH _ a 


CeYeHHA NOACYHTHIBAeTCA MO M@aKCH-  - a _ 
MaJIbHOMy THApaBaMyecKOMy MOMeHTy. JIA onpefeleHHA HallpaAxKeHuA 
Kpy4eHHA HeOOXOJHMO BHIMHCJIHTb MOMCHT HHeEPWHH Mp Kpy¥YeHHH KOpHe- 
BOrO ceyeHHA. | 


Cuntad KOpHeBoe ceveHHe BLITAHYTHIM H CHMMCTPHUHEIM, 6yeM MMe{b 


4J | | 
i + , a (VIIT.79) 
l 16 —= So | a 
+ Fs? . 
rye J, — MOMeHT HHepIlHHn OTHOCHTeCIbHO HeHTpaJIbHOH OCH, KOTOPy!O NpH- 
HHM@al0T 34 OCb CHMMETDHH; 
fF — nnollayb CeYeHHA; © | 
S — JJIMHa ceyeHHA. | | | | 
3a HavOoblIve KaCaTeJIbHble HalpAxKeHHA TPHHHMAaIOT HalipxAxKeHHe 


Bose TOURK KacCaHHA BNMCaHHOTO B KOHTyp ceYeHHA Kpyra HaHKOosbue;ro 
dHametpa | | 





Mx 
Jk | 
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T= 





Ci; 


rye M,— KpyTAUHH MOMeHT, paBHbIM MaKCHM@JIbHOMY TH paBsJHUeCKOMy 


MOMEeHTY; 
Cy — koxp puuventT 
D D 
¢ = — Pa [140,15 (208 —5-)]. (VIII.80) 
LS eer 


Snecb D — juMamMeTp OoubIOrOo BIMCaHHOrTO Kpyra; 
r — pafuyc 3akpyrvieHuA KOHTypa B TOUKe KacaHHg; 
F — nilollaib ceueHna. 
IIpuHpeneHHbie HallpsxxKeHHA PaBHbl 


= Y o? + 47?. 


B KOCbIX CeYeHHAX Y BLIXOLHOH KPOMKH OMpeeAIOTCA TOMbKO HallpsxKe- 
HHA Ha H3rn6 OT AaBJeHHA, WeHCTBY!OWLeErO Ha OTCCYCHHY!O YaCTb OMACTH. 

Yolenbuoe JaBlenve B KI /cm? Ha eHHULY WioWlaqM MonacTu HaxogNTCA 
110 MAKCHM@JIbHOMY 3Ha4YeHHIO OCeBOTO AaBJIeHHA TO dopmysie 


} 





p= P, 4P zz = 42 (D}= Dy) vt 
fn a (Di—D2)— 4 (Di— Dp) 5 
_(VIIL81) 
vy 
p= 
7 
J 
rye a OTHOWIeCHHE OCpeHEHHOH JWIHHbI. JIOMacTH K OCpeRHeHHOMY 


t 
wary womacrH. 

PacueT KOCbIX CeYeHHH lesecoo6pa3Ho pOW3BOAUTE B ra6nH4Hol cbopme. 
Onucannplii BecbMa MpHOMKeHHLIM MeTOM pacueTa JlaeT OPpHeHTHpOBOUHyIO 
O@HKY IIPOYHOCTH JIHMIb HEKOTOPHIX ceueHHH. HanOoslee HanpsxKeHHbIe KOCHIe 
CeYeHHA Halo ONpeeHTb TWOROOpoM. 

OKCHeEPHMeHTAJIbHbIe HCCICLOBaHHA HallpxA2xKeHHOTO COCTOAHHA MOJe/IbHON 
JonacTH B AaOopaTOpHH HW AeHCTBHTeCAbHEIX NOMacTeH B 9KCIYyaTalHOHHbIx 
ycnoBpuax Ha [SC noka3aqiH, YTO HaHOO/bIINe HallpAXKeHHA B JIOMACTH BOS- 
HHKAaIoT y ee KOPHEBOrO CeyeHHA Bose cbulania (cm. puc. VITT.13) 4 Bnepe mona- 
CTH BO3JIe BLIXOJHOH KpoMKH. [Ipu sToM OblIO ycTaHOBJIeHO, 4TO JKCHePHMeH- 
TaJIbHbl€ HallpAxKeHHA MEeHDIMe PpacueTHbIX, NOICYMTAHHbIX HO MeTOLY KOCHIX 
ceueHuh, Ha 20—35%. YTOUHEHHeM pacueTa JOMAaCTH JIA OTACIbHDIX MalIHH 
sanuMasca A. A. Bacuapbes B HuctuTyTe MaluMHoBeeHHA [14]. 

B UWKTH npoBeveHbl paOoTbI 10 yTOUHEHHIO MeTOAMKH pacueTa KOpHeBOrO 
ceyeHua slomacteH.. Tak Kak JOMaCcTb HenwOcKad, TO MpocTpaHCTBeHHaA Ha- 
rpy3kKa Ha Hee OyJeT AeHCTBOBaTb B COOTBETCTBHH c puc. VIII.18. 
~ VWisgrn6aioujui MOMeHT B KOPHEBOM CeYeHHH JIOMacTH OT rH AposHHamuye- 
CKHX Harpy30K, JeHCTBYIOWHX B BePTHKaIbHOH WU TOPH3OHTAJIbHOH MNOCKO- 
CTAX, OyeT paBen: 
| sO Mz = Po (Xu. a— Fo); 


2== Py (Xu — Fe). 


Ms3ru6aioulHH MOMe€HT B KOPHeEBOM Ce4eHHH OT WeHTPOGeXKHOH CHJIbI 


(VIII.82) 


Moon = — + & Y x19: 608 9Ve, (VIII.83) 


rye V,; = a;b,h; — anemeHTapHHlh o6beM Nepa somactTH. 
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Moment OT eHTPoOeKHOH CHJIbl OTHOCHTEJIbHO OCH MOBOpoTa y KOpHeBoro 
ceyeHHA 


M‘e = 26 x 0; Sin @; cos ;,V;. — (VITI.84) 
i=1 


TlonHbIH MOM€HT OTHOCHTeCJIbHO OCH MOBOPOTa C YYeTOM MOMEHTA FOPH30H- 
TaJIbHbIX CHJ 


Mz = M+ Mroes (VIII.85) 


rae M? — moment ruaqpoqunamMuyeckHx CHI. | 
[lentpo6exHbIe Harpy3KH Mepa JlOmacTH B KOPHeBOM CeyeHHH: 


C, = + @ x XiVi3 
& i—1 
. (VITI.86) 
Cy = 7 «? uo p; sing; V;. 


CreqOBaTeIbHO, BepTHKabHble WH TOPH3OHTabHble COCTaBAAIOMIHe NoI- 
HOrO H3rHOalouleroO MOMeHTa B KOPHeBOM ceyeHHH jOMacTH OyAyT paBHHEl: 


M* = M:— M kopn = Proc (Xu. 9— Ton) —=-@ © y X ii cos 9:V;; 


(VIII.87) 
M? = P,, (Xy— fp)- 
Hanpsxenne B KOPHeBOM CeyeHHH JI0macTu 
Opa = EOS PoE ME Sin Go | Ce (VIII.88) 
re P) —— yrO HaksioHa KOpHeBoro Ce“ueHHA B 3aKPbITOM MOO%KeHHH 


OMAaCTH; 

F, W — maollayqb H MOMeHT CONPOTHBJIeHHA KOpHeBOrO ceueHHA. 

MaxkcumMasbHpie KacaTeJIbHble HaHpAXeCHHA B KOPHEBOM CeyeHHH onpere- 
JIAIOTCA 10 copmMyue 


M. MP + Mnoe 
Tanax = OE me Ee (VIII.89) 


rie Wx, — MOMCHT CONPOTHBACHHA pH Kpy4eHHH. 
EcJiw- KOpHeBoe cegeHHe MpelcTaBAeTcH. Kak TpamelluA CO CTOpoHaMH f¢, 
Ht, H BbICOTOH dy (quamMeTp danta), TO — GyeT paBeH 


Kp “ty “12> “te ’ I \EQ — EL] = . 


CymMMapHoe HanpsKeHHe paBHo 


0p = V cra +. 4t ax . (VIIEYSI) 


Ans ylonactTu 43 cTtanu 20X13HJI npu HopManbHont padore WOMYCKaeTCA Oy = 

= 1200 kI/cm*; upu pasrone o,.= 1500 xl /cm?. 

- Paspa6oTtaH meToy, pacueta omactu, NOSBOJIAIOULHH ‘OWCHHBATb paciipe- 
feneHve HalpsaxKenun HO nepy. [lpn stom pacuere onmacTb paccMaTpHBaeTca 
Kak IlOCKaad IvlaCTHHa Mepe€Me€HHOHW TOJIUIMHbI, H3THOaeMan paciipeleneHHoH 
Harpy3KOH OT FHApaBIHYeCKHX HJIH WeHTpOGeXKHbIX CHI. 
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STOT pacueT CO32aH MPHMeHHTeNbHO K 9JIEKTPOHHO-BBIYHCJIMTeIBHOH Ma- 
wHHe «Crpejta». OLHaKO BCJICACTBHE OTCYTCTBHA aHHbIX O JeHCTBHTCIbHOM 
pacnipeyeeHHW Harpy3OK Ha JOMAaCTb STOT METOA NOAHOCTbIO He MOxKeT ObITb 
HCNOJIb3OBaH. 


O suOpannn JonactTu 


YBeIHYeHHe AOCOJIOTHHIX Pa3MePOB JOMAaCTeH CTPOAMLHXCA TYPOHH H NpH- 
MeHeHHe HX Ha BCce G6ovlee BhICOKHE HallOph! TpeOyeT TWWaTesIbHOTO HcC1eqOBa- 
HHA BHOpallHOHHbIX ABJICHHH B NMOBOPOTHOJIONAaCTHbIX TypOHHaXx H BbIPaOOTKH 
peKOMeHalHH JIA MOBbILICHHA AJMHAMHYeCKOH MmpodHnocTH sonacteH. Jina 
pa3pelieHHA yKa3aHHbIX BOMpPOCcoB Mmpexye BCero HeEOOXOJHMO YMeTb HajlexKHO 
onpezeaTb COOCTBeHHYIO YacTOTy KOeOaHHH JOMAaCcTH, 3akpenJIeHHOH BO 
BTyake paOouero kKoveca. 

PacueT OmacTH Ha BHOpalluio B CTporonw nocTaHoBke He pemen. A. M. Koua- 
HoB [36] paspa6oTaa npHOmMxKeHHYyIO CXeMy OIL€HKH YacTOT CBOGOAHDIX KOJIe- 
OaHHi, B KOTOPpOH slOMaCcTh PaCCMaTPHBaeTCA Kak CeKTOPHa/bHaA MwacTHna 
MOCTOAHHOH TOJIHHbI, 3alleMJIeHHaA MO BCeMy BHYTPeHHeMy KOHTYPY. Sra 
CX€Ma)aeT BOSMOXKHOCTH OICHHTb NepBble ABe WacTOTH!. 

JA: OW€HKH, OMHOK NepBOH YacTOTHI HM npenowess cieqyroujad pPopmMyvia: 


[= he Vere Te (VHII.92) 


me © k — Koacppuuvent, OnpesesAeMbIH 10 WaHHbIM HCTIbI- 
TaHHH OAHOH H3 sOMacTeH; 
E — mogzyab yupyrocty B KI/mm?; 
y — yielbHbIi Bec B KI/ mm’; 
Hf — cpeqHaAA TOMMLMHA Nepa soNacTH B MM, T. e. 
oObeM Nepa JonacTH, JesIeHHBIH Ha ee MIOWLaTb 
B IlvlaHe; 
R,— HapyXHbIK pawuwyce wonacTH B MM; 
tan —~ BHYTPCHHHH payuyc somacTH B MM; 
~ B — yroul MexkaAy OCbIO NOBOpPOTa ONMAaCcTH H BbIXOI- 
HOH KPOMKOH B pad; 


Rep = > (Ri + fer) — paauyc cpemqHero ceyeHHs; 
k, — Oepetca 0 cnellHaIbHOMy rpaduky B 3aBHcH- 


MOCTH OT 3Ha4eHHA N = a (rae h, — 
| 57 (Me + Ay) 
TOJULHHAa JOMacTH B TOUKe Ha OCH TOBOpoTa 
Ha cpeqHem paguyce R,,; hy, — ToNUMHHA 
| JomacTH B CpeqHeH TOUKe BbIXOAHOH KPOMKH, 

° 6e3 3aocTpeHHaA). 

Toncuerst YaCTOT COOCTBEHHHIX KOMeOaHHH UW peSyJIbTaTbI HX COMOCTAaBuJe- 
HHA C MOJYYeHHbIMH ONbITHbIM MYTeM NPHBOAATCA HHMKe. 

Ha JIM3 rpoBoduiH sKCHepHMeHTaJIbHble HCCeqOBaHHA JONacteh rulpo- 
TYPOHH C pa3IMUHbIMH reOoMeTPHYeCKHMH NMapaMerTpamMH H OMnpesesAM wacTOTy 
ee coOcTBeHHBIX Kone6aHHH [110]. HccneqoBanuio nosBepraiuch OpoHsoBbie 
MOeH JlOMacTeH WIECTH THNOB KONeC, OTMHYAIOMLHXCA TOMUIHHAMH Ce4eHHA 
M pa3MepaMH MOBepXHOCTH Mepa. 

Cxema kKpellieHHaA JOMacTH pW HCNbITaHHH nNoOKa3saHa Ha puc. VITI.43. 
Jlonactb / pa6ouero Koneca D, = 250 mm 3akpenaanach B cnellvaJlbHOH 
BTyJke 2, COEMHHEHHOH C MACCHBHBIM JMcKOM 3. K nepHdepHaHOMy Cce4yeHHIO 
nepa JIOMaCTH MPOTHB OCH NOBOPOTAa C NOMOLMIbIO cTyNHUb 4 NpHcoeAHHANAaChb 
Tara 5 OT 3BYKOBOH KaTYUIKH 3/IeEKTPOAMHAMHYeCKOrO BHOpaTopa. 
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[lepeMenupii TOK WIA WHTaHHA BHOpaTopa NosaBasca OT 3BYKOBOrO reHe- 
patopa. IIpu nocrosHHOM H3MeHeHHH 4aCTOTHI TeHepHpyeMOro TOKa COBMeCTHO 
MCHAJaCb YacCTOTa BO3SMYIIalOlleH CHJIbI, JeHCTBYIONeH Ha JOMAacTh. 

BeweqcTBHe TOPO, 4TO J0- | 
NacTbh ABIACTCA CAOKHOH 
yp yroH CHCTeMOH C Heorpa- 
HHYeCHHBIM 4HCJIOM cCTeneHeH 
CBOOOLI, OHA HMEET HEOrpa- 
HHYeHHOe YHCIIO GOpM KO- 
Ne6aHHi C pa3HbIMH co6cT- 
BeHHbIMH YacToTaMH. B 3aBnH- 
CHMOCTH OT UACTOTHI BO3- 
MYlLaIOWleH CHJIbI JIOMAacTb 
BXOMJla B Pe3OHAHCHI, COOT- 
BeETCTBYIOMIHe Bce Ooslee BBI- 
COKHM (opMaM kowe6anuit. 

Ileppan copma xouse6a- 
HHH, CBOHCTBeHHaA BCeM 
HCMBITDIBACMBIM JIOMAaCTAM, 
OKa3aJlaCb H3THOHON, C y3JI0M 
KONeOaHHH OKONO 3aJeNKH. 
Bropaax dopma xkoneO6anuit 
HWMella ApyroH xapaxTrep — 
OHH ObIIA H3TH60-KpyTHIb- 
HbIe, C y3JIOM omepeKk J10- 
nactTu. : 

Ha puc. VIII.44 noxa- 
3aHO paciOO*KeHve y30B 
Ha MNOBepXHOCTH wsomacTH 
NpW pe3OHaHCHbIX KOWeG6a- 
HHAX: €A—H3rHOuble KOMeba- 
HHA (NepBaa dopma); 6 — 
H3THOHO-KPYTHJIbHbIe KOVIe- 
OaHva (BTOpasd. dopma). 

Anamn3 Ppe3YJbTAaTOB 
HCIbITAHHH NOKAa3bIBaeT, 4TO 
HeOoblu0e yTOUeHHe J10- 
macTw (Ha 10%) He cKa3uI- 
BaeTCA Ha BeJIHUHHe ee COGCT- 
BeEHHOH YaCTOTHI. STO Haxo- 
AMTCH KaK OyATO B NpoTu- 
BOpeqwuH Cc TeopeTH4ueCKHM 
NOJIO#KEHHEM, 4TO COGCTBEH- 
Had YaCTOTA NWAaCTHHbI JOJK- 
Ha MSMCHATBCA MPONOPUHO- pyc, VIII.43. Cxema Kpennenua sonacta mpH Bu6pa- 
HaJIbHO TOJUMHeE. Tlo-BugzH- UHOHHBIX HCIbITaHHAX 
MOMY, 9TO OObACHAeTCA TEM, 
4TO JOMaCTh FHEPOTypOHH HCKPHBJeHa HW ee XKeCTKOCTb B MAaJIOH CcTeneHH 
3aBHCHT OT TOJIMLHHbI mpodusaa. Bosee cymecTBeHHble HSMCHeCHHA TOJIUIHH 
npopusn y kopua (Ha 40%) u na nepudepun (Ha 20%) 3amMeTHO yBenHUHBalOT 
coOcTBeHHylo YacToTy KoeOaHHH. Uacrora nepBok popMbI KOe6aHHA BOspocua 
Ha 19% H Bropow opm na 17,5%. 

YMeHbUeHHe JIHHbI AOMACTH MyTeM NOMpesKH BHIXOMHOH KPOMKH cyute- 
CTBCHHO yBeJIHUHBaeT ee *KecTKOCTb. Uactrota cOOCTBeHHHIX KOJe6aHHi soNa- 
CTH NIPH yKOpoueHHH ee AHHH! Ha 8% Bo3spactaeT Ha 25%; IpH yKOpoueHHH 
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Ha 16% = Bospacraer Ha 41% Hu mpu YKOpOveHHM AWIMHBI JOmacTH Ha 20 % 
wacTota Bospacraer: Ha 76%. 

Boubuie ‘BAMAeT Ha YHCTOTY NOApe3ska BbIXOMHOH KPOMKH nepudepuinoro 
ceyeHHa, 4eM HOApe3ska KOpHeBOoro ceyeHHA. [IPH MeHbINeM BbIVIeTe BhIXOJHOH 
KPOMKH (paccrosHne OT OCH NOBOpOTa) YacToTa COOCTBeHHHIX KOe6aHHH BBIlle. 
CileqOBaTeJIbHO, JOMACTH THXOXOAHBIX THAPOTYpOHH (BbICOKOHAIOPHbIX) Xapak- 
TepH3yloulHeca OOJIBLIHM BbIJIeTOM BbIXOJHOH KPOMKH UW MMeIOT CPaBHHTeJIbHO 
HH3KHe BeJIHYHHbI COOCTBEHHBIX UacTOT. | 

BpWIO TpoBepeHO BJIMAHHe HaMH4HA OypTHKa Ha Tepudepuu Ha ee M@KECT- 
KocTb. J]IA STOTO K OAHOH H3 JOMacTeH K HHKHeH HM BepXHeH MOBepXHOCTAM 
Obl upHnasdn OypTHK 13X 1,3 mm Ha nepHdepHhuom ceyenun (puc. VIII.43). 
Oxka3aJl0cb, 4TO HaHuHe MpHnaAHHOrO OypTHKa MpakTH4eCKH He OTPa3HJIOCb 
Ha BeIH4HHe COOCTBEHHbIX YaCTOT KONe6aHHH MONacTH. Bugumo, Tako OypTHK, 
KPOMe TOFO, 4TO OH JCHCTBHTeJIbHO HECKOJIbKO yKECTOUAET JOMACTb, JCHCTBYeT 





Puc. VIII.44. Xapakrep yrio0B mp pesOHaHCHbIX KONeO6aHHAX nomacrH | 


Kak COCpeNOTO"eHHAaA Macca Ha MepHdepHu 3auleMeHHOH OanKH. O6a cak- 
TOpa, MO-BHAHMOMY, TacaAT JeHcTBHA Apyr Apyra. 

KpHBu3Ha JOMAaCTH TakxKe OKa3bIBaeT BAMAHHeE Ha WacTOTYy Kone6anui. 
[IpH HeKOTOpOM yBe/JIH¥eHHH KPHBH3HbI BXOJHOH KPOMKH (B payHasibHOM 
HallpaBsIeHuh) uacToTa KOweOaHHi nepBou OopMbI BO3pacTasa Ha 42% u 
BTopoH — Ha 36%. 

Uactrorst coO6CTBeHHBIX KOJIe6aHHH OMacTeH ObIIH NOACUHTaHbI NO MmpH- 
61W2KeHHOH NomyaMnupHyeckon cbopmyvie (VITI.92). IIpuH pacuere 3HaueHue 
Kosppunneuta Fk B cbopmysie 6bIIO IPHHATO TaKHM, YTOOLI pacueTHaA YacTOTAa 
KONe6aHHH HMCXOQHOH MOMacTH cOBMayama c oKCIIepUMeHTaJIbHEIM ee 3Haue- 
HHeM. 

AHaJIH3UpyA WaHHble NMOACUeTOB H 39KCIePHMeHTOB, MOMKHO OTMETHTh, 4TO 
OHH BECbMa YJIOBJETBOPHTeCIbHO OTPaKal0T BIMAHHE BeHUHHBI BbIeTa BbIXO]- 
HOH KPOMKH JionacTH Ha COOCTBeHHYy!0 4acTOTY KOJIeOaHHi.. 

BsvAHHe TOJIUIMHbI JOMacTH yUHTHIBaeTcA HegoctaTouHoO. Io bopmyute 
yaCcTOTa JOMAaACTH JOWKHAa ObITh NpaKkTHYeCKH NPAMO NpONOpUMOHAaIbHAa TOJI- 
WLHHe, 4TO ObIWIO Obl CUPaBeJIHBO Ain nuiacTHubl. [lo-BHAHMOMY, 3eCb BJIMAeT 
MCKpHByleHve JIOMaCTH, KOTOPOe COBepilieHHO He YUHTbIBaeTCA OpMyVION. 

B sna6opaTopun JIM3 MpOBOAMIHCh UCcAe{OBaHUA BIIMAHHA BOI Ha 
yacTOTY KOme6aHHH MOJeeH JOMacTeH H WiacTHH B CielWasIbHOH BHOpalHoH- 
HOH ycTaHoBke. YCTaHOBKa JIA HCHbITAHHA MpezctTaBaaeT cobok Tpy6onpoBor 
€ HCIbITaTebHbIMH KaMePpaMH, Tae 3aKPelAAHCh UccMe_yemMble OOpasiinl. 
McnbitateibHaa KaMepa HMUTHPOBaJia YaCTh WWIHHApWaecKkoH Kamepbl pa6o- 
wero KOJIeca. TypOuHbI. Ucrbrranve oOpasuoB NpoBOAHIOCch Ha BOSyxe, 
B HeNOJBHKHOH BOE H B MOTOKe, re H3MeHANAaCcb CKOpoctTb. Kose6aHna 06pas- 
HOB BOsOy2xKNaHCh BHOpaTOPpOM Yepe3s BTYJIKY, B KOTOPOH 3aKpelliamacb 
HcclehyemMad wonacTb. Uactota Bo3MyllalomleH CHsbt BHOpaTopa pery.npo- 
BajlaCb. 3BYKOBbIM: TeHepaTOPOM Yepe3s YCHJIHTeb. 
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@Mopmb! KONeOaHHh ONpeseAIHCh C TOMOM[bIO Necka MpH ACHbITaHHH. 
B BO3SILyXe H Wbe3OMyNoM — IIpH HCIbITaHHH B Bore. [Ibesomyn npewcraBaAaer 
coOof CTepxKeHb, Ha OJHOM KOHUWE KOTOpOrO yKpenJieH KDPHCTaJJ1 CereroBoH 
COM CO CBHHIIOBbIM rpy30M, CyKallHH HHepWHOHHOH Maccon. Crepxenb, 
COIpHkKacadCch JPyrHM KOHIIOM c KOJeOsOMeHCA MOBePXHOCTbIO, Nepeaer 
KONeOaHHA KPHCTay, CHTHabl KOTOPOrO NMocTyNawT Ha oOcIHANOrpad. 
HMcnbitranva oka3aH, 4TO YacToTa KONe6aHHH 6poOH30BOH ONacTH pabouyero 
Koueca I1J1495 (D, = 460 mm) B Boge cHHKaeTca Ha 40% AA NepBoH dopMpI 
KOeO6anHi, Ha 30% — aa BTOpOH H Ha 25% — IA TpeTbeH IpH ycOBHH, 
4TO JOMACTb MOrp yKeHa B BOLY Ha rviyOuny He Meuee 4em. Ha 20 wm. Ecau nonactb 
Norpy2KeHa Ha MeHbIIy!O rIyOMHY, COOTBETCTBEHHO MeHbille H BJIMAHHe BOJbI 
‘Ha BeJIMUHHY COOCTBEHHBIX 4acTOT. YMeHbIWeHHe CKOPOCTH NoTOKAa Jo 8 m/cex, 
KOTOPOe MOXKHO ObIIO NOMYYHTb Ha AAHHOHW yCTAaHOBKe, MpakTH4eCKH He CKa- 
SbIBaeTCA Ha YacTOTe KOMeOaHHH MOJeIbHOH ONacTH. OOpasip c 6onbWIOH 
*KeECTKOCTbIO (6OJbUIOH TONUIHHOH, OObIOKH KPHBH3HOK) B MeHbIUeH CTeneHH 
CHHKAIOT WACTOTY KONe6aHHH B BOJe, eM OOPa3ibl C MeHbIMeH 2*KeCTKOCTbIO. 


PacueT 60TOB, Kpenawux duane JonacTH 


KounyecTso 6O/ITOB Ha Q@ulanwe JOMacTH, CKpelsmloulux ee Cc mando, 
yCTaHaBJIMBaeTCA B 34BHCHMOCTH OT pa3MepOB @laHila, TOMMIMHbI KOPHeBOrO 
ceyeHHA H KOHCTPYKIUHH KpelweHHaA Wandbl. PekomMeHwyetca MpHHHMAaTb No 





Fer 


r, a | 
~ Puc. VIII.45. Cxema 6on- 
Tua - TOB (pilaHia sonmacTH 


BO3MO}KHOCTH ME€HbIUee YHCMO GOMTOB MPH COOTBeETCTBeHHO 6ombueM ceyeHHu 
KaKOTO 43 HUX. OTO OOecne4uMBaeT OOMbIUHH MOMCHT COMPOTHBJIeHHA sOnacTH. 
OO6nMHO MepO JOMacCTH cMeleHO BHH3 MO OTHOIMeHHIO K OCH noBopoTa. Ilo- 
STOMY B BepXHeH WacTH *Pilanila pacnosaraerca OO/bIlee KOMHYECTBO OOJITOB. 

PacueT Harpy30K Ha GOTH OOHINHO BELYT NPHOJIHKeHHO, IPH 9TOM (plaHIIbl 
CUHTAaIOT 2%KeECTKHMH HW UX Me*OpMallHH He YUHTHIBaAIOT, TaK KaK OHH OyAyT 
MaJIbIMH 110 CpaBHeHHIO C LeopMallHAMH OOJITOB. 

YunTEBaA HayabHbi 3aTar Gomtos, B. A. BepKMan paccmaTpuBaerT TpH 
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BO3MOXKHBIX B3AHMHBIX MOJIOKeHHA DMaHweB JONacTH WH Wandbl WoMacTH Noy 
BIHAHHeEM JeHCTBYIOMNMUX Ha JOMAaCTH Harpy30K: 

1) packKpbITHA cTHIKa Mexy PianHWaMH He IPOHCXOMHT, H KOHTAKT COXpa- 
HAeTCA MO BCeH ONOPHOH NOBePXHOCTH CTHIKG; 

2) packpbiTHe cTbIKa MPOHCXOMUT Cc coxpanenvem KOHT&aKTa TOJIbKO B OJHOK 
touxe (puc. VIII.45); 

3) PpacKpbITHe CTbIKa IpOHCXOZUHT 6€3 COXpaHeHHA KOHTAKTa Mexy Onop- 
HbIMH MOBeEPXHOCTAMH (dwlaHIleM. 

B KavecTBe OCHOBHOrO paccMaTpHBaeTCA BTOPOe NOOKeHHe, a ABa Apy- 
THX MOMyWaloTcA H3 BTOPOTO Kak eFO WaACTHbIe CAy4aH. 

Ha puce. VIII.45 noxa3aHa cxema JeHcTBHA CHI Ha cblaHell H Nepo wonacTu 
IIpH COXpaHeHHH KOHTaKkTa M@XKLy rannamu JonacTH H Wandpl B TOUKe A 
M MIpW NoBpopote diana AonacTH BOKpyr sTOH TOUKH A Ha HeKOTOPHI yrou. 
3yecb O603Ha4eHO: 

P,. — oceBan CHJla, ReHcTBy1ollaH Ha OHY JAOMAacTh; 
G — cuula Beca Nepa u danua Jonacry; 
C — nentpo6exHan cua nepa HW diana onactH; 
R — peakllua ONOpH, BO3SHHKalollanA B TOUKe A; 
H — peakuva ONOpb, BOSHHKAIONIaA Ha CielWaibHOM 6ypTHkKe, mper- 
Ha3Ha¥eHHOM JWI WeHTPOBKH JIOTacTH; 

PP; — cua, RecTBylomad Ha daHnell NonacTH co cTopoubi i-ro 6ostTa; 

ry.a — PafvWyc pacnowoxweHhA WeHTpa WaBeHHA MONACTH; 

rm — paluHyc pacnowoxKeHHA WeHTpa Ta KecTH OMAcTH; 

lem —~ PaMHyc pacnOJOKeHHA CTHIKA; 
i, — Cpe€MHHH pagnyc ONOpHOH NOBepXHOCTH CMelHasbHOrO OypTHKa, 
BOSMyMalomlero Harpysky HY; 
fon —- HAPYKHBIK pawwyc NOBepxXHOcTH Gvianla jlomacrH; 
€ — paccTOAHHe OT leHTpa TAKECTH JONACcTH H cbuaHiia JO OCH, mpo- 
XOAAWeH 4epes IleHTp pana; 
[; — paccrosHne oT TouKH A Jo i-ro 6ouTa; 

lmax — paccToaHhe oT TOUKH A AO HanOovlee yaneHHoro Oouta. 

CyMMa MOMeHTOB BCeX CHJI OTHOCHTeIbHO TOUKH BW CyMMa mpoekuHit BCEX | 
CHJI Ha TOPH3OHTaJIbHY!IO OCb x OyseT paBHa: 


x Py ih —M= 0; 
f=]... 


(VIII.93) 


n 


»> P,4+C—R=0, 
i=1 ) 


rye nm — 4nC0 OOJITOB; 
M = Poe (Ty. a — ru) + G (Ty. m — rn) — C (Ton a €).. 
Cusia, WelicTByouad Ha i- OoT, MOKerT 6bITb mpeAcTaBseHa B BHJe 
~P;= Pont Pi (VIII.94) 
rie Pio — CHJla HauaIbHOrTO 3aTATA; | 


P; — JONOHHTeIbHaA CHa, BOSHUKAOIMAaA B OovlTe B pe3ybTaTe Hel- 
CTBHA BHellHeH Harpy3KkH. 
‘Canta, 4TO Bce GOJITHI 3ATAHYTHI OLHHAKOBO CHOW HaYabHOrO 3aTara Py, 
HM NOscTaBIAA 3Ha¥eHHve P,; B ypaBHeHHe VIII.93, HaxoguM: 


PY b+, Pil = M: | 
i=l : (VIII.95) 


_nP,—Y P;+C+R=0. 


ts=l1 
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TlosyuenHbix Ba ypaBHeHHa conepxaT (n + 1) Hen3BectHEIx P; u R. Taxum 
o6pa30m, 3afaya saBjserca (n — 1) pa3 craTM4uecKH Heonpenenumon. JIna 
peuleHHA ee HeOOXOAHMO JOOaBUTb K ypaBHeHuam (n — 1) ypaBHeHHe coBMe- 
CTHOCTH jJlesbopMmallHit. | oo : | 

OTH ypaBHeHHA NOMyyeHbI H3 yCHOBHA aGcO/IOTHOM 2%KeCTKOCTH cranes 
HM HMelOT CJIeEXyIOWHH BHI: - | | 


‘ 











, ?P oo 
P;= i L;, (VITI.96) 
rye i= 1, 2, 3,..., (n—I). | 
YUHTHIBAA, 4TO , 
dt : oe 
= = 1, m> oo (VIIT.97) 
rye l, m — WeHTp TAKeCTH ceyeHHA BCeXx 601TOB 6y eM uMeTb 
P’ it 
et YO = M— Poly, mi (VIII.98) 
max j=] | - 
Pinax a 
R=nP, + > tly, m— C. | +. (VITT.99) 
max . | . 


Avau3upyaA WpaBylo yacTb dopmyszb (VIII.98), mMoxHO BHueTb, 4TO 
B 3aBHCHMOCTH OT BeJIHYHHbI ReEHCTBYlOWMeH Harpy3KH H CTeMeHH HAaYaAbHOrO 
3aTAra OOJITOB OHA MOXKeT ObITh HM NONOMKUTEMLHOM HW OTPHLATeNbHOK. Orpu- 
WaTeJIbHOMY 3HA4YCHHIO TpaBOH 4acTH COOTBETCTByeT NOBOPOT Giana BOKpyr 
TOUKH A NpOTHB 4acoBOl cTpeIKH, OMHaKO, KOHCTPYKTHBHO 3TO HEBO3MOXKHO, 
NO3STOMY AONOJHUTeIbHAA CHa B HavOOee HArpyXeHHOM GouiTe onpeeAeTcA 
H3 (OpMy.IbI 


M— nPoly.m a oe 
| OE Dnax MPH M> nP oly. mi - 
Prax=) a fi | (VIII.100) 
| | 0 mpH M<nPol,. m.- 


3Hat Piax, 10 opmyse (VIII.96) moxno ONpeseNHTb BCe OCTaJIbHbIe 
HeH3BecTHHIe CHJIbI. [IpencraBaaer wHTepec cay4aH, Kora (pianell MOxerT 
NOBEPHYTbCAH OTHOCHTeJIbHO KpalHeH BepxXHeH TOUKH. STO MOxeT ObITh pH 
OOpaTHOM THApaBAHMyecKOM yfape, KOTJa OceBaA CHJla HanpaBseHa CHH3Y 
BBepX, HIM Mp OOMbIIHX CMeLICHHAX ILeCHTPa TAKECTH NONACTH OTHOCHTeEIbHO 
OcH ee NOBOpoOTa. 

SHayeHHe MOMeHTa G6yzeT paBHO 


M* = —P oe (74.9 — r) — G (fy. m — Tx) + C (Ton — ®). 


OcTaJIbHbie (POPMYVIbI OCTaIOTCA TeMH xe, TOJIbKO BMecTO J, HaNO NOACTAaBAATh 
paccTroxHHe i-ro 6ou1Ta OT ToUKH E. 

B dopmystie (VIII.99) B saBucuMocTH OT BeIHYHHbI CHAI HadaJIbHOrO 
3aTATa H OT BeIMUMHbI AeHCTBylouleH BHeWIHeH Harpy3KH peaKILHA MOXKeT 
HM€Tb H NOJIOKUTEIbHOe, H OTPHWaTeIbHOe 3HayeHHe. Cryuah oTpHaTesb- 
HOrO 3Ha4eHHA OSHadaeT, 4TO peakUHA R HanpaBseHa B CTOPOHY, MpOTHBO- 
NOJOKHYIO TOH, KOTOPadA yKa3aHa Ha puc. VITII.45. 

IIpu R < 0 uMeer MecTo HapylleHve KOHTaKTa Mey (PanwaMH B TOUKe A, 
Tak Kak (laHbl OTPhIBaIOTCA Apyr oT Apyra. [Ipu stom Bca Harpy3kKa Ha Mepo 
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HW Ha @lanell JONACTH BOCNPHHHMaeTCA LWeAHKOM OOJITAMH H UX pac4uerT npoHs- 
BOAHTCA Kak pacueT Oas1KH, HMelOMleH COCTaBHOe CeyueHHe, cocTOAuee H3 Ceye- 
HHH Bcex GonToB. HavOoubuiee HalpxAxKeHHe HMEeT MECTO B HaHGovlee yaJeH- 
HOM OT HeHTpaJIbHOH OCH OoJITe H ONpesemsetca 10 PopmMyvie 


Mi (lmax — fy. m) C 
Cmax = nF? (VITI.101) 
rye M, — usr nOarw1uHn MOMCHT OTHOCHTEJIbBHO HeHTpaJIbHOK OCH IIpH WHCTOM 


usrHnoe; 

— MOMeHT HHePpILHH CeYeHHA BCeX OOJITOB OTHOCHTEJIbHO TOH Ke HeH- 

TpaJIbHOH OCH; 

fj — lomjayb NonepeuHoro ceyeHuA OAHOTO OGouTa. 

YUHTHIBAA, YTO HeHTPaJIbHaA OCb MpH YHCTOM H3rH6e NpoXxoANT yepes 
I@HTp TA2KECTH COCTABHOTO CeYeHHA, a MOJOKeHHE IWeHTPa TAXKECTH BCeX 
OOJITOB OMpezennetTca Oo dopmyse (VIII.97), 6yzem umerb ana M, u J, Beipa- 
*KeHHA: 


My = Proc (fy.a — tu) + G (fy.m — Tu) — © (lym — Top — &);  (WITT.102) 


J 


¥ 


Jy = (2 np? n). (VIII.103) 
i==1 | 


Takum 06pa30M, B 3€BHCHMOCTH OT BeJIHUHHbI HATPy3KH MH CTeleHH 3aTALa, 
MOryT HMe€Tb MeCTO CJlenylomyHe culyuan: : 


1. M <nPoly mi M* < nPoly m- 


B sTOM cay4ae MpH paboTe TypOHHbI paCKPbITHA CTbIKA He NPOHCXOAUT 
H ycHuiHe B 60/ITe OCTaeTCA BCe BPeMA NOCTOAHHDIM H PaBHbIM Cie HaYaNbHOTO 


3aTaAra 
2. M> nP oly. mi M> M*. 


B 9TOM cJlyuae HMeeT MECTO pacKPpbITHe CTHIKa pH pabOoTte typOuHbl, a 
ycHne B HaHOosiee yasIeHHOM OT KpaHHeH HHKHeEN TOUKH A GosTa ONpere- 
JiAeTCA 10 PopMyvie 


Prax = Po + Prax: 
rie Pmax — Onpesensetca no dopmyste (VIII.100) 
3. M* > nP ol, mi M*>M. 


B 3TOM calyuae WMeeT MeCTO paCKpbITHe CTbIKa nyTeM nopopota dana 
BOKpyr KpahHHel BepxHeH TouKH &. YcusHe B HaOosee Harp yKeHHOM 6ouITe 
olpeyesseTcA Take, KaK HW B CJly4ae 2, C TOM AHILIb pasHuien, 4uTO BMeCTO /; 


Halo ucnompsoBaTb J;, a BMecto M ucnomb3oBaTs M . 

4. TlepeavcaeHHbIx TpH BapHaHTa MOryT HMe€Tb MeCTO TOJIbKO B TOM CJly- 
vae, eCIH BeIHYHHAa peakILHH R, onpenenseman no dopmyse (VIII.99), 
OoubWle HYAA 


é 


R=n! a aE NL. m —C>0. 
Lmax . 

Ecau okaxetca, uTo R <Q, TO WMeeT MeCTO ueTBepTEiti cryyan, Korya 
(baHibl OTPHIBaIOTCA Apylr OT Apyra W KOHTaKT Me2Ky HHMM B TOUKe A Ha- 
pymiaetca. B stom cyuae HaHOovIbliee HallpaxxKeHWe HMeeT MECTO B HavOosee 
yHaJIeHHOM OT HeHTpasbHon JMHHH OouITa. OHO onpesemaetca 10 Popmyvie 


(VIII.101) 





— My (lmax — lu. m) | C 
Snax = ta 
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KoukpeTHbik pacueT 6OJITOB Jit HOPM@JIbHBIX H pa3rOHHBIX OOOPOTOB 
NOKa3bIBaeT, UTO IPH COCAHHEHHH (hilaHweB CleyeT MpOH3BOAUTb 3aTar OoI- 
TOB, KOTOPbIH HMeeT OCOOeCHHO GOMbIIOH NOMORKUTeABHBIN SpeKT Mp Mepe- 
MeHHBIX Harpy3kax Ha JOnacTb. Huxe NpHBOAMTCA MpuMep pacuera 6OJITOB 
@ianwa sonactTH. 


IIpume 

Hcxomnme nansere wa pacueta: Po, = 271 T; G= 18,45 T; C =338 T npu HopMmasbHon 
pa6ore rypOuHEI; C = 1420 T npy pasroHHElx oGoporax TYpOHHH;; Ty. @ = 338 6M; Ty. m= 309 cM; 
Tom = 198 cM; Ton = 70 cm; & = 0,96 cm. 

JAA BhIABJICHHA BAMAHHA CTeNeHH HadabHOro 3aTAra GONTOB npuBogurcs pacuert lIpH pa3- 
HHIX HauaJIbHbIX 3aTArax: 

1. Hauanbubii 3aTar OTCyTCTBYyeT, T. e. Py = 0. 

Ha ocnospaHun pac. VIII.45, xapaktepu3ylomero B3aHMHOe pacnooxeHhe 6ONTOB, COCTaB- 
JIA€M BCIIOMOraTeJIbHY!O TaOMHILy VITT.2. 














Ha ocuopaHHu dopmyan (VIII.97) Haxoqum Ta6éau wa VIII.2 
nt Pasmepbhl JIA onpelenenua 
y I; | pacnonoxKennsn GoONTOR 
i 
i=1 654 , | 
ly. m = nn 9g 72,7 CM. | Homep | 1, B cM 1 B CM 
OnpeyentumM MOoMeHT M pw HOpMabHBIX OOopoTax - 
M = 271 (338—198) + 18,45 (309—198) -++ I 102, | ~=10 404 
+ 338 (70—1) = 63 350 T+cm; 2: 122 | 14 884 
nipu sroHHEIx o6op oTax 3 126 16 400 
asr Ta 
me P 4 120 14 400 
M = 271 (338—198) + 18,45 (309—198) +- 7 97 9 409 
1420 (70—1) = 138 050 T-cm. | 
+ 1420 ON) me 6 29 841 
B coorsetcTBHH c dopmyson (VIII.100) Haxogum: 7 14 196 
pH HOPMaAbHBIx OO6opoTax | 
| , 8 14 : 196 
, 63 350- 10-128 
IIpH pa3roHHbIx o6opotax : | ft 
- 138 000-108-128 > 
P max = $7500. = 262000 xl. 





Beawuvna peakunH R onpejeriserca 10 -opmye (VI .99): 
IPH HOPMaIbHbIxX O6opoTax | 








R= ee 9-72,7 — 338000 = 275000 «kl > 0; 
IPH pasroHHblx o6oporax | 
R= cai -9-72,7 — 1420000 = —80000 «I < 0. 


CreqOBaTeAbHO, IPH HOPMaJIbHbIX OO6OpoTax HMeeT MECTO > cya 2. Hanpsxeune B HavG6ouee 
Harpy2KeHHOM OoJITe PaBHO 


Prax 120000 
Cmax = = Rg 





= 638 KD /em". 


Tipu p a3rOHHBIX o6opoTax HMeeT MecTO culyuall 4. Hanp sxeune B HavGomee Harp yKeHHOM, 
Goite Hao UcKaTb NO d@opmyse (VIII.101). Hua sroro onpexenum BHayadte 3HayeHua My u Jy: 
My = 271 (338—198) 4- 18,45 (809—198)—1420 (72,7—70,1) = 34 800 T-cm. 
Jy = 188 (67 500—9- 72,72) = 37,2-105 cm. 
Han6onblwee HallpsxKeHHe paBHO 
Omax = Se + a = 1357 klI'/cm?, 
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2. Tipit 3sarare 6ontos, oG6ecneunBaioulemM B HUX HallpsxKeHHA 3aTAra Og = 200 «I/cm?, 
CHa 3aTara G6yjerT paBHa P,» = 6,f = 37 600 «T, 


NP oly. mm 9-37 600- 72,7 = 24,6- 108 KI+cm, | 

Ilo qdopmyue (VIII.100) onpezensaem P ax: 
NpH: HOPMabHOH paGote 

, (63,3 — 24,6) 10°. 128 


P wax = 7 B00 = 73 300 KT; 

MPH pa3roHHbIX O6opoTax | 
' — 6.198 | 
pre 88 — 24,6) 10 128 aa 128 = 215000 «V. 


Bennynha peakiwHH R pasua: 
ip HOPMaJIbHOH pabote 


- 3 30 


R = 9-37 600 + 9.72,7 — 338 000 = 374000 «I > 0. 





IpH pasroHHHIx O6opoTax 


215000 
128 


Takum 06pa30M, yxKe IPH 3aTAre Og = 200 xl /cm* B OTMHGHe OT CAYUaA, Kora NPHMeHAIOTCA 
Goth 6e3 3aTAra, OTPbIBa Panes MOMNAacTH A Wallbl He NPOHCXO HT. 

HampsxeHHe B HaHOonee Harpy2xxeHHOM OoaTe: 
IPH HOPMaJibHbIX OOopoTax 


R = 9-37 600 ,-sou 9-72,7 — 1 420000 = 13000 «I > 0. 


, 


P "3 300 
Omax == 99 + ro = 200 + 


pH pasrouHHbIx OOopotax 








= 590 xI/em?; 


215000 


= 1340 «l/com*. 


3. TIpouspegem pacuer mp Oy = 800 xl /cm?. 
B 3TOM cily4uae cHJla 3aTAra paBHa Py = Oof = 150 000 xT. 


IIo opmy.te (VIII.100) onpegzensem P,_,, 
IPH HOPMaJIbHbIX OGopotTax P ax = 0, Tak Kak M< nP oly m 
IPH PasroHHHIx O6opotTax 
| » (138 — 98) 10°-128 | | 
max = "67500 2 B00 KE. 
Herpyauo yOeguteca, uTo ycosue R > 0 BEInONHAeTCA NpH OO6OHX PacdeTHHIX pexkHMax. 
Ilostromy HalipsxeHHA B HaH6Olee HarpyKeHHOM OovlTe paBHEI: 
IPH HOPMaJIbHbIX O6OpoTax 


Omax = Op = 800 «I/cm?; 
pH pasroHHbix oOoporax 


s 


Prax 75 800 
Omax — Oo + an — == 800 + —__— 188 


4. Onpeneium, KaKOH HayaJIbHbli 3aTArT HeOOXOAHMO OGecIeuHTb JIA TOrO, UTOOHI pacKpbI- 
THA CTbIKa He MPOHCXOAHO pH HaHOoNee OacHOM pexume padorhl TYPOHHEI — Tip pasrOHHblx 
o6opotrax. H3 dopmy.1n (VIII.100) cnenyer, ITO AJA STOFO HeOOxOAHMO OGeciteuHTh TaKOH 3aTAr, 
YTO6bI BHINOIHAIOCh Hep aBeHCTBO 





= 1200 «I /cm?; 


M 
nly. m 


Py > —— 


TlogxctaBiaa B aSTyY MopmMysaly 3HayenHe M 1px pasroHHHlx OG6opotax TYPOHHEI, NOAyYUHM 
Py > 3820 _ on 000 xr 
9 °9-72,7 — 
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Takofi cue cooTBercTByeT HawabHOe HallpsxeHHe 3aTara 
| Py _ 211000 

f 188 

IIpH TakOM 3aTHre HalpsKeHUA B OoNTAaX IpH JelicrBuH Harpy3KH Ha JOMacTb He BOspa- 
CTalOT, a OCTAIOTCAH PaBHBIMH Op. 

Pe3yabTaTbl pacueta pH pas1H4HEIX 3HAYCHHAX HaYaJbHOrO 3aTAra WA 
yo6cTBa COMOCTaBJeHHA HW aHaHsa cBeyzem B Ta6u. VITI.3. 

B Ta6s1HuWe MOMHMO BHIMHCJICHHbIX BbIMIe 3HAYCHHH O,,,, Mp HOPMAaJIbHBIX 
M Ip pa3roHHbIx O6o0poTax TYPOHHHI NPHBeseHbI XapakTepHCTHKH WHKJIHYHO- 
CTH Harpy3KH OOJITOB 7, H 7, COOTBETCTBEHHO IIPH HOPMAJIbHBIX H Pa3rOHHbIX 


o6opotax. STH XapakTePHCTHKH WHKJIHYHOCTH MpeAcTaBsAIOT CO6OK OTHOLIe- 
HHe MHHMMaJIbHOrO HallpAxKeHHA WAKA 


Op = = 1120 KI /cm?. 








Omin Ta6auna VIII3 
K M€KCHM@JIbHOMY HalipsaxKeHHior= —". 
| 7 7 *-  Omax Hanpsaxenve Np pasiv4HBx 
OueBHAHO, 4TO B CJyyae, KOra Ha- HaTsarax 

rpy3Ka Ha JIOMacTbh MeHAeTCA OT HYJA —__________— 
(OcTaHOBKa TYPOHHHI) Id. MaKCHMYM@ Hopmasbusie Pasronnue 
(HOpMaJIbHad paGoTra MW pasrou) XapaKTe- {| = | |_OVPOTe opoPoret 
PHCTHKa WMKAHYHOCTH HarpyskH OorTOB SO | 

Op Omax | “x o max ’p 
paBHa r= . : . 

Omax . 








V3 reopuu mpounocru ripH MepeMeHHBIX 
Harpy3KaX W3BeCTHO, 4TO YeM MeHDILEe 
XapaKTepHCTHKa WHKJMYHOCTH 7, TEM MCHb- 
we mpezes] MpOuHOCTH cTaJH. IIpu r=] 
ripelesl MpOUHOCTH cTaJIH HMeeT HaAHO6OJIb- 
lee 3HaYeHHeE H paBeH Mpeszeay mpor- 
HOCTH IPH cTaTHueCKHX Harpy3kax. 

M3 Ta61uubl BHAHO, YTO MO Mepe yBeIHYeHHA HauaJIbHOrO 3aTATa OOJITOB 
MAaKCHMA@JIbHbIe HallpAKeHHA B OOTAX YMCHbIUIAIOTCA. STO yMeHbilleHHe Hanps- 
*KeHHH NoNyuaeTca He OYeHb CYIeCTBEHHBIM (HaH6o1blee YMeHbIWNeHHe He 
nipepbiuaeT 18%). Onnako 43 TOH Ke TAOAMUbI BUAHO, YTO XapakTepucTuKa 
WMKIHUHOCTH Harpy3KH OOTOB Np yBeHYeHHU 3aTATa CHMbHO BOSpacrTaerT, 
a pu 3atare 0, = 1120 xI/cm* ona ROCTUuTaeT 3HAYEHHA, PABHOTO eAHHHLe. 

Tlostomy B calyuae, ecu Harpy3ka Ha AONaCTb MOKeT CUHTATBCHA MlOCTOAH- 
HOH, HavabHbIK 3aTAr OOJITOB NOJIe3eH, HO ero SG:pekKT He OYeCHb BEHK (CHHKe- 
HHe HallpaxeHHH yo 18%). Ecaw xe Harpy3Ka MepeMeHHad, TO HavaJIbHbIit 
3aTAr 6OOJTOB OKAa3bIBAeTCA BECbMa NOJe3HbIM. OAHAaKO ‘IIPH pellieHHu BOMpoca 
O wWeslecoo6pa3sHocTH MpHMeHeHHA HawabHOTO 3aTATa CilelyeT yUHTbIBaTb 


cTelleHb MepeMeHHOCTH Harpy3KH, a TaK%Ke BOSMOXKHOe YHCO NepeMeH Ha- 
rpy3Ku. 





6. KOPITYC BITYJIKH PABOUEFO KOJIECA 


KonctpyKuus Kopllyca BTyJKH paGOouero KOsIeca peacTaBsaeT cobon 
WeTaib CAOKHOK KOHDHrypauHn GOoMbUIAXx ra6apuTos H Beca. 

Ona aABIAeTCA HauOONee KPYNHOH WebHOJHTOH JeTaibio Bcek typ6unu. 
VisroToBineTCa OHA OOLIGHO H3 YIJIepOAHCTOH CTaH H UpecTaBsAeT MaCCHB- 
HY!O TOJICTOCTEHHYIO OTJHBKY WHIHHApHueCKOH MOpMbI, NOyIO BHYTPH. 
CBepXy pa3Mmellaetca JHHUIe KOplyca C NPHJIHBOM JIA BHYTPeCHHHX Land. 
B kopryce B MpHsHBe MMeloTCA rHe3sza — OTBEPCTHA JIA KpenwienuA Wand 
lonactTH pa6ouero Kouieca. KomHuecTBO OTBeEpCTHH 3aBUCHT OT 4HCa JlonacteH. 
Jina tTyp6vH HeOoOuIbIIHX HM CpeqHHX Ppa3MepOB KOplyc BTYJKH pa6ouero 
KOJIeCa OTJIMBA€TCA BMeCTe C ILHJIHHApOM cepBomoTopa. Jia KpynHbIxX Typ6HH 
UHJHHIAp BbINMOHACTCA OTbeMHbIM OT KOpmiyca. Ha puc. VIII.46 noka3aupi 
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Ba BapHaHTa KOHCTPyKILHH KOplyca BTyJIKM pa6oyero KOwleca: a — OTJHTbIM 
3a OJHO Weloe Cc WHJIHHApoM cepBomMoTOopa; 6 — ¢ OTbEMHBIM ILHJIMHApOM. 

Bpl60p KOHCTPyYKILHH 3aBHCHT OT raOapuToB Kopnyca (d, u L), onpexena- 
IOINHX TPaHCHOpTabeJIbHOCTh eTaseH. 

PacuneHeHne JeTanieH ynpomlaeT OTJHBKY, HO NpHBOAUT K JONOMHHTeNb- 
HOMY COC HHEHHIO IHIHHApa c KOopliycom, KoTopoe TpeOyer OovToBOrO Kpen- 
ACHHA H JONOMIHHTeEIbHOH OOpa6oTKH conpsraemblx nopepxHocteH. Ilostomy 
B IleJIOM COCTaBHOH BapHaHT nosyuaetca Gomee AoporuM. Bo Bcex cayuanx, 
KOrla 3TO BO3MO}3KHO MO YCJIOBHAM OTJIMBKH H TpaHCNOpTHpOBKH, Cieqyer 
OObeCAHHATb B CXMHY!O KOHCTPYKIUHMWO KOpNyc BTyJIKHM paOouero KOWeca HW IH- 
JMHIp cepBomoTopa. | 





Puc. VIII.46. Kopnyc sryakn pa6ouero kosleca: @ — C HEOTbEMHBIM 
UHJIHHIPOM cepBOMOTOpa; 6 — C OTbEMHBIM IHWJIMHIPOM 


Jima pa6ouero Komeca D, = 9,3 m BDeMA MexaHHYecKkOH oOOpa6oTKH 
BapHaHTta a NO CpaBHeHHIO C BapHaHToM 6 cHHxKaeTca Ha 200-—300 4, M3 HUX 
100—120 4 Ha KpyNHbIX PaCTOUHbIX CTaHKaX, KOTOPbie OObIGHO ObIBaIOT HaH- 
Oomee 3arp yXKeHHbIMH. | 

Hapy2kHoe ouvepTaHHe KOptlyca 3aBHCHT OT KOH®HrypallHu NpHMeHsemou 
BTYJIKH pa6oyero KOJeca, KOTOPand MOXeT ObITh WHJIMHApHyeckoH Hu ccbepH4ye- 
CKOH B MeCcTe pacnojmoxeHHa wand wonacreh. IIpH cdhepuHueckoH BTy.ike 
JIyale OCYINECTBJIAeCTCA CONPAKeHHe KOPlyca C TOPWeBOM 4aCTbIO epa Joma- 
CTH, T. 6. MOXKHO JOOHTECA 3a30Pa MeXKTy HHMH, He UpeBbllalomero 2—) mum, 
KOTOPhIH OyeT NOCTOAHHBIM HPH pa3HbIX yruiax ycTaHOBKH monacTeH. IIpu 
UMJIMHApuyeckoH BTyKe 3a30p MexKYy TOPIMeBbIM CeYeHHeM JIOMAaCTH HM KOpriy- 
COM NIPpHXOANTCA 3aaBaTb B HaHG6OJee OTKPLITOM NOMOKeHHH Oacten. IIpu 
NOCJIENYIOULEM HX 3aKPbITHH TOPLIUeBOH 3a30P 3HAUHTeCbHO YBeJIH4HBaeTCA, 
JOCTHTaAn MAKCHMyMa IIPH 3aKpbITHH JoMacTeH. | 

BeseacTtBve 60/IbIIMX 3a30pOB (HeECKOJIbKO J@CATKOB MUJIMHMeTpOB) pH 
CpeqHHX NOJIOKeHHAX MOTACTeH 3HAYHTeCbDHO YBEIHYHBAIOTCA NPOTeUKH BOB, 
4TO IIPHBOAUT K CHHXKEHHIO K. Il. J. 

CieOBaTeJIbHO, K. I. I. KONeca C IWHAHHApWyeckOH BTYJIKOH MeHbILIe, 
vem C apoBoHw. Ho u3-3a HasM4NA Cchepbl y KopNyca B 30HeE pacnosIomKenHA 
“onacTeH H YMe€HbUIeHHA MOSTOMY CeYeHHA MPH OMMHAKOBHIX AWamMetTpax d, 
KaBHTallHOHHble CBOHCTBA KOJIeCa C WWapOBOH BTYJIKOH He€CKOJIbKO Xy2Ke, 4eM 
C WWIMHApHueckoH. KaBuTalHOHHbIK KosdppuuveHT O cciepHyecKOH BTYJIKH 
Oonbuie Ha 0,03—0,06. — 
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IIpeuMylleCTBOM IapOBOH BTYJIKH ABJIAe€TCA OTHOCHTeIbHOe yBeHYeHHe 
wuamMetpa B ceyenuu A—A (puc. VIII.47), aro o6meruaeT pa3mMenleHHe B HEM 
MeXaHH3Ma TIOBOpoTa JIoMmacTeH, a Take CbeMHOFO yNAOTHEHHA. 

Kopnyc pa6ouero Kosieca npelcTaBAeT COOOH CAORKHYIO OTMHBKY, NOSTOMY 
lipH KOHCTPyHpOBaHHH HeOOXOAMMO OOpaltaTh OobUiIoe BHHMaHHe Ha I1aB- 
HOCTb T€peXOJOB H PABHOMEPHOCTh TOMMIMH (6e3 OcO6oro CKOIVJICHHA MeTaJIa, 
KOTOPOe MOXKET NOJYYHTbCA MeXKAY OTBEPCTHAMH Ha NepHudepuy). 

Bo u36eKaHhe CKOMICHHA MeTaJJla B MOBepXHOCTH KOpnyca HpeszycmatTpu- 
BalOoTCH YyrayONeHHA — KapM@aHbl, KOTOPbI€e 3aKPbIBaIOT 3aTeCM MpHBapen- 
HbIMH JIMCTaMH, UTOObI He HapyllaTb OO6TeKaemocTuH KOopnyca. KapManHbl MOryT 
ObITb HCHOJb3OBaHbI H AJA ‘ypaBHOBeLIHBalOMlHX Fpy3oB. 

Bo3MOXKHbI H Apyrve KOHCTPyKIHH KOpMyca -BTyYAKH pa6oyero Kovleca 
B 3aBHCHMOCTH OT KOHCTPYKILMH H KOMIOHOBKH M€X@HH3Ma IIOBOPOTA. 

Tak Ha pue. I].23 kopnyc pa6ouero Kouleca UMeeT BHYTPCHHHH NpPHJIHB 
AIA Wand, coequHeEHHK C HHXKHUM JHHUIeM KOopmyca. Ha puc. [1.25 noxa3aHo 
pa6ouee KOJIecO, HMelollee CepBOMOTOP JIA TOBOpOoTa MONacTew CHH3y. 


Harpy3kuw Ha kopnyc 


Kopryc HMeeT CJIOKHY!IO POpMy, Ha HEFO ACHCTBYET CJIOHKHAA CHCTeEMA CHI 
puce. VIII.47). Ha kopnyc felictByeT Harpy3Ka OT OCeBOrO JaBJIeHHA BOLI Q 


H JaBJIeHHA MaCJla B WHHHApe cepBomoTopa p. ITH Harpy3KH NMpPHJIOKeHEI 
B BepxXHeH 4aCTH KOpnNyca 4H Ha- 


rp y2KaloT efo AHHINe H NepeMbIYKH 
6oKoOBOH NoBepxHocTH. YcuaHe OT 
peakIHH Wands! BOCIpHHHMaloTca 
STHMH 2Ke TepeMbIYKaMH, OOKO- 
BLIMH T1OBepXHOCTAMH. H BHYTPeH- 
HMM IIpHJIMBOM. Kpome Toro, Kop- 
nyc HaxOAHTCA NO BO3sTeHCTBHeM 
IlCHTPpOOeEKHBIX CHJI, KOTOPbIe NpH- 
JIOMKECHbI K 3alJIedHKaM Hapy KHbIX 
OTBepcTHH koOptiyca. CyenoBa- 
T@JIbHO, STH CHJIbI TaKxKe Harpy- 
KaloT TePeMbIUKH Me@XKLy OTBep- 
CTHAMH: HapyXHOH NOBepXHOCTH 
Kopnyca. Kopnyc Apyrou KOHCT- 

yYKILMH, HalpumMep c Anddepen- 
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IHaJIbHbIM NOPWIHeM, KOrga No- 
JIOCTb BTYJIKH 3aN0JIHeHa MaCJIOM 
nox aBseHHem, OyAyT BOCIIpH- 
HMMAaTb JONOMHUTEJIbHY!IO Harpy3- 
Ky OT JaBJeCHHA Maca. | EAA OUD UO a i Meare ey 

OKCHepHMeHTAJIbHbIC vcceo- Se NE IE SS Ee a SSE SE SESS pees 


BaHHA KOPMyCcoB BTYJOK pa6ounx Puce. VIII.47. Cxema cua, elicTByIollHx Ha KOp- 


| ° yc pa6ouero Kojleca: Q— Harpy3Ka OT OceBoro 
KONeC PaSHbIX KOHCTPYKUHH HA yagnenua H ycHIHaA cepBOoMOTOpa; p — JaBseHHe 


YUpyrHx TEHSOMeCTPHYeCKHX MOJI€-- macna B ceppomoTope; R,, R, — Harpy3KH OT 
aax [79], HeomeHKOPHTOBBIX HH3 ate nonactu; Cp—wentpobexuan cua; Mp — 


OprcTekla, BbINOJHABIUMXCA M0 KPYTSUMH MOMeHT 

yepTeKaM HaTYPHbIX JeTaseH, fa- : 

JIM KapTHHY HalpAxKeHHH B CJIeNYIOULHX 3JIEMeCHTAaX KOHCTPYKUHH BTYJIKH: 
B Me€peMbIuKe Me@XKAy OKHaMH Kopiyca (ceyvenHe A—A U NepneHAuKyIApHoe 
K HeMy, puc. VIII.47), Ha koHnType OKHa KOpNlyca C HapyxXHOH MH BHYTPeH- 
HeH CTOPOH B JHHINe KOplyca BTYJIKH, B CeYeHHH UeHTPpaJIbHOrO OTBep- 
CTHA NO WTOK NOPWHA H B IHAHHApe cepBoMOTOpa, OTJIHTOM BMeCTe 
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€ kopnycoM. Bplio ycTaHOBJeHO, UTO y NEPeMBIYKH Me2xKAY OKHaMH MIpH oceBonw 
H MopwineBoH Harpy3Kax CO3aeTCA BHEIeCHTPeHHOe PacTAKeHHE H MPH pa- 
\WabHOH Harpy3Ke MepeMbiuKa paOoTaeT [aBHbIM OO6pa30M Ha H3rH6. Hau- 
6oslee HaNPAKCHHBIM ABJIACTCA CPCHHH NO BbICOTe y4aCTOK. 

Tipu pa3roHHpix o6opoTax TypOvHbI HaHOObuwIHe CyMMapHble HallpsxKe- 
HHA MO y3KOMY Ce@4YeHHIO NepeMbIMKH AOCTHTAalOT B Pa3HbIX KOHCTPYKIUHAX BeJIH- 
uHHbI 800—1300 KJ /cm?. I]pu HopMasbHBIxX: O6OpoTtax HanpaxeHHe HHKe 
B 3—4 pa3a. B MakKCHMaJIbHbIX CYMMA4PHBIX HalipAKeHHAX OCHOBHOH COCTaBJIA- 
IOlNeH ABJAeTCA HalpAxKeHHe OT PawHaNbHOH Harpy3KH paOouero: Koueca. 

Ha puc. VIII.47 8 cewennu B—HD noka3ana XapaktTepHaa smlopa Halpa- 
*KCHHA B MPOAOJIbHOM CeUeHHH NepeMbIUKH MexKAY OKHaMH. BuytTpeuHee pe6po 
nepempmkuH 6 (ceuenve A—A) BbIpPaBHUBaeT HAHOOMbIUIMe HaNpAxKeHHA Ha 
Hapy2XHOH H BHYTpeHHeH NOBePXHOCTAX MePeMbIYKH 3a CYUeT CHH2KEHHA HaH- 
OOJIBIIHX PaCTATHBAIOWNX HallpAXKXeHHH WH YBeJIM4eHHA HallpAKeHHH CMKATUA. 

Havn6oupmihve HalpxAxKeHHA Ha KOHType OKHa KOpNyca IIpH HOPMAaJIbHbIX 
o6o0poTax BO3SHMKAaI0T B TOUKAX, Je@Kauly4X Ha TOPH3OHTaJIbHOM J\HaMeTpe KOH- 
Typa, HX BewH4uHHa coctaBaaet 400—700 xI/cm*?. Meubuive 3HaueHHaA Halpa- 
)KCHHH HMEIOT MECTO C HApy2KHOH CTOPOHbI KOpriyca, Oombwive — c BHYTpeHHeH 
CTOPOHBI. 

IIpu pa3roHHbix O60poTax, KOrfa BO3paCcTaloT PaHaJbHble CHIbI, 3HadH- 
T@JIbHO BOSPacTalOT HaNpAKeHHA B HHKHHX TOUKAX KOHTypa OTBepcTHA, 
nocturan BenHunHE 1000—1300 kl /cm?. Jina yMeHbuIeHHA HanlpsAxKeHHH 
B HHMKHeH 4YaCTH KOHTypa enecoo6pa3Ho IIpeyCMaTPHBaTb yCHWeHHe HWK- 
Hero mosca Kopnyca c BHYTpeHHeH cTopoHH (puc. VIII.47 ceuenwe B—B). 

HanpsxaxkeHHa B JHMULaX KOpMycOB BTYJIOK OTHOCHTeJIbHO MeHbIUe, 4eM 
B IepeMbl4Kax, H HX paciipesenenve OH3KO K pacnpeseeHHio, NOJyIaeMOMy 
B KOJIbIeBOH WlacTHHe, 2XKeCTKO 3afeaHHOH MO BHYTPeHHeMYy KOHTypy H 
yIpyro 3an;eMJIeHHOH NO HapyxHOMy. bospuiue HanpAxKeHHA NOMyuatorca 
npH xofe nopmwHa BBepx. BenwuHHa MaKCHMaJIbHbIX HallpsxKeHHH 600— 
850 «I/cm*, peOpa Cc HH2XKHeH CTOPOHb! AHHILa CYUIeECTBEHHO pa3rpyKaloT 
HME, MOSTOMY HX HafO NpelycMaTPpHBaTb B KOHCTPyKUHH. Hanpsaxenna 
B 30HE I[CHTPaJIbHOrO OTBePCTHA NOX WITOK NOPIWHA HeBeJIHKH HW He MpeBbl- 
WaloT HpH pasroHHbIx OGopotax 300 x«//cm?. Hanpsxenne B HHKHeH 4aCTH 
BTYJIKH 110 KOHTYpy, K KOTOpOMy nPUMBIKaeT oOTekaTeIb, HOCTHraeT BeJIHM4HHBI 
400—700 kKI/cm?. 

SaMepAJHCb TakxKe HallpsAxKeHHA B KOpNycax BTyJOK pa6ouHx Kouec, 
OOBeAHHEHHBIX C IHJIMHIpOM cepBomoTopa. Hanpsaxenne B WHIHHApax 3aBH- 
CHT OT HallpaBJIEHHA ABH2KeHHA NOpwHA. IIpH ABHKeHHH BBepX, Korma Ha 
WHIHHEp He MewcTByeT Harpy3kKa OT aBJIeHHA MaCJla, HalpsAxeHHe B HEM 
3Ha4HTeIbHO MeHbIUe, YEM Np ABYKeHHH NOPWHA BHH3. MakcuMaJbHOoe 
HallpsaKeHve B WHAHHApe gocTuraet 500—800 «//cm*. Baim HcceqOBaHbi 
KOpliyca BTYJIOK JIA OeCKPpeCTOBHHHbIX BapHaHTOB MeXaHH3Ma TOBOpoOTa, 
KOra PHBOA OT MOPWHA NpOXOAHT MpAMO K pbluaramM jonacTeh uepes OTBep- 
cTHe B JHHIIe. 

‘SaMepsaAHch Re*popMalun HHA, T. e. MepeMelwleHHA TOYeK OTBepCcTHit 
B WHHULe NOX cTakaHbl NpHBoOZa OT JeHCTBHA pasHbIX Harpy30K. Hccw1eq0Ba- 
JMCb KOopiiyca, OObeAHHEHHbIe C WHIHHApPOM CepBomoTOopa H 6e3 Hero. Baio 
yCTaHOBJieHO, NpH OceBOH Harpy3ke Mepememenhe OTBEPCTHH B AHAINe npak- 
THYeCCKH OAHHAKOBBI, HO IIpH paqHaJIbHOH Harpy3ke, Kora JeEHCTBYIOT LLeHTpoO- 
OexKHbIe€ CHJIbI, WepeMelmleHHe B KOpMyce, OObEHHEHHOM C ILMJIHHJpPOM, 3Ha4uH- 
TeJIbHO Me€HbUIe, 4eM B KOprTyce 6e3 Hero. Ilepememenve B LHAHHApaXx Bo3spa- 
cTaeT. H C pocToM 4HC1a O6opoToB. Han6oubuiwe CyMMapHble nMepemelljeHHa 
MMEIOT MECTO IIPH pa3rOHHOM peXKHMe H ABH)KCHHH BBepX. 

Takve HcCleqOBaHHA MO3BOJIAIOT YCT@HOBHTb XKECTKOCTb JHHIa KOpMyca 
padouero Kosieca H JaloT yBEpeHHOCTb B TOM, 4TO MPH BLIOPaHHbIX KOHCTPYK- 
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UHAX MpHBOMa HW 3a30pax OyAeT OOeCNeUHBATHCA OTCYTCTBHE 3allleMJICHHA Me- 
KAY WHMWEM KOplyca H MOABH2KHBIM CTaKaHOM NOpWIHA CepBOMOTOpa. O6bIqHO 
3TH 3a30Pbl BbIOHPaIOT HeOOVJIbILIIMMH, YTOOKI He ObIVIO H3JIMINHeEH MpoTreaku 
Macjla H3 WHJIMH]pa CepBOMOTOpa B NOJOCTh BTYJKH. Ecau BO3HHKaeT onac- 
HOCTb 3al@MJI@HHA CTaKaHa Cepbrv, Hao AH6O YBeJIMUHBAaTbh 3a30p, H60 
YBEJIHUHBATb MECTKOCTh KOPMyca 3a C4eT, HANpHMeP, TOMUIHHEI WHIHHIpa. 
[pH MOHOJHTHOM COe@XHHEHHH TOJICTOCTeEHHOFO ILHJIMHZpa CepBOMOTOpa C KOp- 
NyYCOM 3Ha4HTeJIbHO Bospactaer eTO 2KeECTKOCTb UH yMeHbUIaIOTCA yapyrue 
ResopMauvHu HHI. 

OnuHcaHHble HCCeqOBaHHA MOeJeH Kopilycos BTYJOK pa6ouHx Kouwiec, 
IIPOBeJeHHbIe B CBA3H C MIpOeKTHPOBaHHeM JeCHCTBHTeJIbHbIX TYPOHH, MO3BO- 
JHIH ONpeleIHTb HavOOJee HaNpAXKeHHbIN JIICMeCHT KOHCTPyYKWHH — Mepe- 
MBIYKY M@KTyY OKHAMH—H yTOU- 
HHTb XapakTep HallpA*KeHHOrO 
COCTOAHHA APYyrHX 3eMeHTOB 
KOpliyca H BbiIOpaTb ero mpa- 
BHAbHY!O KOHCTp yKUHIo. 


IpuH6smxeHHbIK pacyerT 
Kopiyca 


Y WHTbIBAA SKCIEpHMeHTaNb- | 
Hbie JaHHpe, B. M. Maysnpines 
HI’. HW. Kounesp (JIM3) nper- 
JIOMKHJIH MeETOL pacuyeTa HaH6o- 
lee Hallpa2KeHHOTO 3JIEMeHTA 
KOplyca — NepeMbIuKH MeKLY 
OKHaMH (ceyeHHe A—A, puc. 
VIII.47) or nelictBua cnenyto- 
WHX CHA: 

]) qaBNeHHA MaCjla B UH- 
JHHApe CepBoMOTOpa; 

2) oceBOH CHJIbI OT yCHAHA 
CepBOMOTOPpA; 

3) OceBOH CHJIbI OT aBuJe- 
HHA BOJbI Ha JONACTH; 

4) WeHTpOOexKHBIX CHJI. 

PacueTHan CcxeMa NloKa3aHa 
Ha puc. VIII.48. B yKa3aHHbn 
MeTO, HAaMH BHeCeHbI yTOUHe- 
HHA, YAHTHIBAalOINHe JeHCTBHA 
nonepeyHbix CHJI WH MepeMeH- 
HOCTb C€4CHHA MepeMbI4NKH. 


Dopmy.1bI AJIA OTPEHeNeHHA — Puc. VIII.48. Cxema yaa pacuera kopnyca: 
HaNpAKCHHM B CeYeHHH Hepe-— i — cTeHKa KHAHHApa; 2— AHO WHAnHApa; 3—nepeMbluKa 
MBIUKH TIPHBOAATCA JIA pas- MexXAY OKHaMH; 4—HUXKHEe KOAbUO 
HBIX CHJI. 

JlapneHue Macaa B UMAWHApe cepsBomoTopa. [lepempmka Kopnyca MexK]LY 
OKHaMH paccMaTPpHBaeTCA Kak OaJIKa NOCTOAHHOTO Ce4eHHA, CONPAKeHHAA 
C KOJIbILOM — HwlacTHHOK (BHH3y) H UHHH pom (BBepxy). Momeur, u3rH6a- 
lollwH nwiacTHHy M, paBeH CyMMe MOMeHTOB, usrHOaroulAx uniHHEp M, u 
nepempyky M,. | | 

EcaH NpeqnoOXKUTb, 4TO MlacTuHa 3ajeaHa 10 BHYTpeHHemMy H BHeIL- 
HeMy KOHTypaM, NpH4eM BHYTPeHHHA Kpa MOMKeT MepemellaTbcA, He NMOBO- 
payvBascb, TO H3rHOalollHH MOMeHT MOXKHO CUHTAaTh NpHO/HKeHHO PaBHEIM 
MOMeHTy B 3afeKe Ha paguyce R. 
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Hsrn6aioulu MOMeHT MOXKeT ObITh ONpeweneH M0 *opMywe HanpsaAxKeHHA 
Ha BHeUIHeM KOHType TaKOH MacTHHbI, mpHBezeHHon H.W. IipuroposcKxum 
[80], 





OR = oP | (R® — 3a) +. 4+ yee “Ine ) 


a 
HO TaK Kak 


6M 
0 
H3rHOarollWH MOMeHT OyeT paBeH 
M =. [(R?— 30°) + = In], (VIIT.104) 


re p — JaBsleHue Maca B WMAHHApe; 
R — pamuyc cpeXqHHHOH NOBePXHOCTH IMIHHApA; 
a — pawMyc BHYTpeHHeH 3aeIKH HULA. 

C aApyrou cTopoust, 


M=M, +35, (VIII.105) 


rye 2—- 4uncno JonacTeH 

SHayeHve M, onpenensetca uepes M, M3 paBeHCTBa yFJOB noBopota 
NepeMbIUKH 0, H WHAIMHApa 0, (0, = 8.) 

0, = 01+ 61, 

rye Oy — CYMMAaPHbIM yro/l MOBOpoTa BepxXHerO KOHIla MePeMbIMKH; 

0, — yroJI NOBOpota MepeMbIMkH; 

@; — yrom noBopota HM xKHero KoubIA. 
SHayenne yraa 0; paBHO 
, MnA — QnB 


8 = ET 


rye i — juuHa nepeMbmMKH; MpHHuMaeTca paBHol MaMeTpy Hap y KHbIX 
okOH kopnyca (pue. VIII.46, 6); 
J, — MOMeHT HHepuHH MPONSBOBHOTO CeueHHA TepeMbI4Ky; 


A= fat B= [e- 


g | Ma — Qn (1+) 

” I 2 | 

01 — g 
Eh? \|n 


Ten 


SHayueHHe 8; paBHO 





rae h — BbICcOoTa KOJIbIla; 
r, — HapyXuHb panuyc KONba; 
bs — BHYTPpeHHHH payMyc Kouba. 
Yroj NOBOpoTa TOplla WHAHHApa OyeT p aBen 


Q __. Mx . B = 4 3 (1 —p #) 
2°~ QBDy ? — RW ‘ 


rie pp — Koxppbunuent TIlyaccona; 
hy — Tommuna cTeHKH WHAMHApa; 
D,, — %XeCTKOCTb UMIMHApa. 


D Eh} 
4 “12 (1—p’) ° 
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CBA3b M@XKy MOMeHTOM M,, uv ycumnem Q, MOKHO ONpeJeHTb H3: yCAOBUA, 
UTO palHaJIbHble epeMelleHHA B TOUKE CONPAKCHHA NepeMbIUKH C MacTHHOH 
paBHbl Hy10. CooTBercTBylollee ypaBHeHHe HMeeT BHA 


Qn2 (rn + Fen) — 6 [Mn — On (1+ 5°) | (4+) — MnB 4 QC 9 
AMEN (4 — Ten) | E a 





Onpeneiaa “3 3TOTO ypaBHeHHA Q,, TomysHM Q, = RM,, 


rye h 
BL, (1+) 
nh In 2 
= —_________" 
C+ 2 (Tx + en) 4 62 (1+) 


| 4th (rn — Ten) | nh? In —# 








CH 


Tlogcrapiad 3HaveHHaA Q, B opMyJb Aa 8; u 9), NOyIHM © 
f 





Zz 
6 — Mann 
9: __ Mn . 9” _ t : no 
=p = 
Eh? jn — 
len 


rye | 
1 = A—EB: te =1—k(1+->). 


YUHTHIBaA PaBeHCTBO YIJIOB NOBOpOTa TepeMbIyKH 9, H WHAHHApa Oz, 
MOXKHO HallHCaTb | 





Man 4 _ SMa _ es (VIII.106) 
Exh’ \n ——— 7 


2BDy 


Tlonb3yacb ypaBHeHHem (VIII.106) MoxHOo BbIpasHTb M, sepes M,, 





E nh? In —# 





M, = M, 2824 (" 4 wn | (VIII.107) 


Ten 


Pens cOoBMeCTHO ypapHenHa (VIII.105) u (VIII.107), mMoxuo onpere- 
JHTb 3HAYeHHE MOMEHTAa, H3rHOaloillero NepeMbIYKy, 


M 
M, = =<. (VIII.108) 
a 2BDy 62N2 z 
ne ("in Ze | + OAR 


nh 3 In —=— 
len 


TloactaBaaa 3Hauenne M uz ypasuyeuua (VIII.101) B ypasuenne (VIII.108), 
NOJy4HM | | 
4 
£-| (R308) + nS 


a2 a 


nan ~OBD 6 z 
Be m1 + ——2— T Oa 

th? In —*- 

GBH 


(VIII.109) 
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Hap axkeHHA B CpeqHHHOM Ce4eHHH MepeMBIMKH ONpesersetca no dopmyuie 


l 
o, = (m=O )e (VIII.110) 


rye J — MOMeHT HHeEplHH ceyeHHA NMepeMBIYKH. 
Ha JIM3 nanpsxKeHua B CpeMHHOM CeYeHHH TepeMbINKH MOACINTHIBAIOTCA 
no dopmy.ie 
Mny 


a=, (VIII.111) 





rye k = 2+3 — smnupuyeckui KoappuUneHT, yUHTHIBAIOULHH NorpewHocTH 
pacueTHOH CXeMBI. | 
HanpaxeHua B MepeMblmuke OT OCeBOrO yCHAHA H YCHIHA CepBoMmoTopa. 
OceBaxad cua HM yCHHe CepBoMOoTOpa “epes amy sonacru nepemaioTca Ha 
BHELIHIOIO H BHYTPeHHIQIO ONOpEI Kopnyca. B onopax noaBsaroTca peakuHH R, 
H Re, OT KOTOPHIX Pa3NeIbHO NOACUHTHIBaIOTCA HanpsaxKenna. | 
IIpH onpeyenenuy Hanpsaxenua oT peaknun R, HapyxXHOM Wandelt nepe- 
MbIUKa PaCCMaTPHBaeTCA KaK KPHBOH Opyc, 3a,elaHHbId B BepXHeM KOVJIbIIe 
H COMPAKCHHbIH APyrHM KOHILOM C KOJIbIIOM. Harpy3Ka B BUJe cocpezorouen- 
HBIX CHI Ry MpHNOwKenHa nocepequHe OKPyXHOCTH KObIa (puc. VIII.48, 6). 
Ha 3TOM pHcyHKe r — paluyc KpHBH3HBI NepeMbIGKH, ONpesenAemolt pac- 
CTOAHHEM OT IeHTpa TAXKECTH CpemHero ee CeYeHHA ZO OCH NOBOpOTa TYPOHHEI. 
Yrou] NOBOpoTa KOHWa KpHBOrO Opyca. oT peaknHH R, noxCcuuTEIBaeTCA 
mo metozy Mopa 





0, = =" D(a), (VIII.112) 


rye 
a 


| cos-F— (cos @ — 1) + sin > sin | dp 
D(a) = \ —=—*~—_________*- i 


J (®) 
0 


Yrol nopopota Kona KpuBoro 6pyca or M, paBex 


e 








MM 
0, = —-- F (a), (VIII:113) 
a 
d 
roe F (a) = To: 
0 
YYO/l NOBOpOTa KOJIbIla OT MOMeHTa M, cocTaBsAeT 
6M, 
0, =—_ (VIII.114) 
EF In ~ 


YpaBHeHHe COBMECTHHIX JedopMannii 
0, — 0, = Os. (VITI.115) 


Wogctapiaa B dopmyay VIII.115 sHauenna 0,, 0, u 05, Haliqem BeHUHHy 
momenta MM, 


M, = 2A? (a) (VIII.116) 
~—— — F (a) 
mh In—* 
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HanpaxkeHua B CpeqHeM CeyeHHH MepeMbIuKH Onpeseaserca m0 dopmyare 


My + Ror (1 — cos 
4 aT Ne , r) |e 


rye F u J — maomlaqb H MOMeHT HHeEpItHH CpefqHero ceyeHHaA HepeMBbIIKH. 

IIpH ompetenenuu HanpaxeHHA OT peakuuu R, BHYTpeHHeH Wane! pac- 
yeTHaA CxeMa OyJeT Taka Ke, Kak HM MPH onpeseweHHu HanpsaxeHHH oT P 
(puc. VITI.48, a), Ho usruG6aromii Moment M 6yzeT onpeyeraTbca KaK MOMCHT 
Ha pajuyce RK (B 3afemKe) NaCTHHE, 3aeiaHHoH M0 BHeUIHeMy HM BHYTpeH- 
HeEMY KOHTyYpaM H HarpyXkeHHOH cocpegoTroueHHoH cHOH R,, B WeHTpe 
(puc. VIII.48, a). 

HsrnOatoulu MoMeHT OyeT paBeH 

2 — 
M =~! [inal +y— SBF +n +45" 41], 


a? — ] a2 


0, = (VIII.117) 








re a = Ria; 

KW — Koosdpuunent [lyaccona. 
Ota POpMyla NoMyuaeTca AA pacCMaTPpHBaeMOH CXeMBI MWaCTHHbI 43 O6uLero 
AudxpepekialbHOrO ypaBHeHHvA TOHKMX Kpyrsabix naacrun [60]. Tlocae 
mpeoOpasoBpaHuA 3Ta *OpMysia mpeobperaer Buy 


M=32(1—-Jt). (VIIL.118) 


4m a2—1 ]° 


Wsrnoaioumii Moment M, onpenenaetca Tak xe, KaK MW AIA cryyan Ha- 
rpy3KH OT ZaBeHHA. Kooppuunert k, Kak H paHbille, NPHHHMAIOT paBHLIM 


= 2+3. | 
Hanpsaxenuve u3ru6a onpenensetca mo dopmyzie 
(Ma — Qn 5) y (VIII.119) 
03 = ——__,—_. | 


HanpsxeHHa B Mepembluke OT JeHCTBHA WeHTpoGeKHBIX CHa. [lepemprmKa 
paccMaTpHBaeTcA Kak OaKa C 3alI[eMJICHHbIMH KOHILAMH, Harpy Kennan 
PpaBHOMepHO paciipeyeeHHow Harpy3KoH 


C 
I= T»> 


rye C — eHTpo6exkuaa CHJla OT CHCTeMBI OJHOM sOnacTH (MOMacTH, Handel 
H Apyrux jerTaseh); | 
{ — ]IMHa nepemMbm4akH (paBHa AHaMeTpy Hapy2KHOTO OKHAa). 
HsrnOaioulni MOMeHT B cepequHe (ceyeHua) 





4b 
M,= 94 e 
Hanpsxenue usru6a 
0, = 7 ° 


CyMMapHble Hallps2xKeHHA B MepeMbIyKe paBHEl: 
IpH xXoje NOPpWHA BHH3 7 


| Scum == 02 + 03 + 04; (VIII.120) 

pu xoje NOpPImH a BBepx 
| Coun = 01 +- Oo + g3-+ O4. (VITI.121) 
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HallpaxkeHHa ONpeqeAIOTCA JIA BHYTpeHHeH H BHeLIHeH CTOpOH mepe- 
MBIUKH. | 

Hanps2xkeHHa B He WHIMHApa ceppomoTopa. JiHO WHIHHApa paccmaTpH- 
BaeTCA KaK KOJIbIeBad WwacTHHa, 3afelaHHad MO BHeIWHeMy H BHYTPeHHeMy 
KOHTypaM, IIpH4eM BHYTPeHHHH KOHTYP MOXKEeT TepemelitaTbca, He NOBOpadH- 
Baacb. IImacTHHa HaXOQHTCA MO AeHCTBHeEM PaBHOMePHOrO aBJIeEHHA Maca 
H PpaBHOMepHO pacipeseneHHOH Harpy3KH NO BHYTPeHHeMy KOHTypy (peakiHA 





amp RF). 
HanpsaxenHe OT LaBeHHA Ha BHYTPeHHeM KOHType ollpeseinerca 10 cop- 
| — Mywte [80] | 
J 3p. 
O1en — oo : |(R? + a”) — 
Z 
4 Ra 'R 


y Trae s—TOM|HA Ha. 
Ha BuemrHemM KOHType 








. 4 | 3p. 
Puc. VIII.49.. Cxema Harpy30K Ha kKopnyc O1n = G2 | (R? — 3a") + 
C BHYTPCHHHM JaBJieHHem: | ; 
, . . 4a*# R 
1— ; 2— ; § — ;4— _ te a 
HO sear; Pen: 2 — uamuN + rg (In) ]. (VIIL.123) 


_ Hanpsxxenne oT peakunu Ry Ha BHYTPeHHeEM KOHType onpeyesaerca 0 
popmyue. | | 





_ BeRy 2R? R\] oan 
O90 on = Ons? E —" [pt gt (In =) ; (VITI.124) 
rye Z2— 4HCcO AOMacTen. 
Ha BHeHIHeM KOHType 
3zR 2a* R ~ 
Oon = |—-or (in=) | ° (VIIT.125) 


CyMMapHble HallpaxXeHHA Ha BHYTP€HHeEM KOHType onmpexemsrotca m0 


dopmyuie 
Ocym. 6x — F16n + Oa6n; (VITI.126) 


Ha HapyKHOM KOHType 
Ccyun = Fin + Faye (VIII.127) 


Iipu pacuere Kopltyca NOBOpOTHOJMONacTHOrO KOJIeca culeqyer paccmMaTpH- 
BaTb H€ TOJIbKO P@2XKMMbI paOoTh! TYPOMHbI pH HOPMAaJIbHbIX H pa3sroHHbIx O60- 
poTax, HO TakxKe H IyCKOBOH pexXKHM, TaK Kak HalpsAKeHHA OT JeHCTBHA OCe- 
BbIX CHJI NOTOK&a HM@IOT 3HaK, MPOTHBOMOJIOXKHHIA 3HaKy HallpAXKeHHA OT eH- 
CTBHA ICHTPpOOeKHBIX CHI. | 

IIpu mycKOBoM pexKHMe LleHTpo6exkHan CHa paBHa HYyJ110, MOITOMY MOXKET 
He ObITb pa3srpy3KH 3a C4UeT MOMeHTA 3TOH CHIBI. | | 

KpomMe pacCMOTpeHHbIX KOHCTPpyKIHH Kopmyca paOouero Kouleca MpHMe- 
HAIOTCA HW pyre, B 4acTHOCTH C pacnoJIOmKeHvemM AMNadparMpl cHu3y. B Takon 
KOHCTPYKHHW BHYTPeHHAA NOMOCTh padovero KOeca IPH TBHXKeCHHH NOPIWHA 
BBepX HaXOJHTCA NOW AaBseHHemM. CxeMa Harpy30K JIA TaKOH KONCTPyKUHH 
noKa3aHa Ha puc. VIII.49. Pacuer ee HanpaxeHHoro COCTOAHHA paspadoTaH 
B LWKTH-B. A. Bepxmanom; . 
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7. WHIHHEP WH KPbILIKA CEPBOMOTOPA 
PABOYETO KOJIECA 


I[MauHAp ceppomoTopa 


I[uHHAp cepBomoTopa pa6Ooyero Koseca B BHA OTACNIbHOH JeTau npH- 
MeHAeTCA JWI KPYMHbIX TypOHH C AHamMeTpom paG6ouero Koseca cBbie 6,0— 
7,0 m. Llununap cepBomMoTopa OOBIUHO OTAMBaeTCH H3 YIsIepOAHcTOH cTasH 
Cc JByMA duanuamn (puc. VIIT.50). Hyoxnum dvianiem Cc NOMOLIbIO OouTOB OH 
MOHTHpyeTca Ha Koptryce pa6ouero | 
Koueca. K BepxHemy ero dJlaHily %p 
¢ TIOMOULbIO WINHIeK KpenuTcs KPbIlll- 

Ka cepBomotopa pa6ouero Kovieca. Li 

IIpu npoekTupoBaHHH WHJIMH~Apa 


De 





N 


el 

ero guametp D, onpeseiaetca U3 3 y - 
pacueta pa6oTocnocoOHocTH cepBo- C= ey y 
MoTOpa. TOJILHHY CTeHKH pasMepbl ZA LAT 
duanues Dg uh BIOUpaloT Ha OCHO- — D5 

Banuu pacueta. [lp mpoekTupoBa- Puc. VIII.50. Uuanuzp cepspomoropa pa6o- 
HHH CTpeMATCA K TOMY, 4TOObI WHa-  ” wero KOseca 


MeTP IIMHJIEK COOTBETCTBOBAa TOJI- 
IlHHe lana WH WHaMeTp pacnoNoKeHuA UX Obl MHHHMAJIbHBIM. 1. Torma nowly- 


Dg —D 
YHTCAH MHHHMaJbHad WMHa (lana (——). Mexay aHiwamMu cepBoMmo- 


Topa H planwamy CONpATaeMbIxX neTatel yCTaHaBJMBaloTca pajMaJbHO-Uu- 
“IMHApuyecKkHe IWTHPTH, KOTOpbie 
Bapuanm @ | oo BOCIIPHHUMAIOT OKP y2KHOe ycHHe. 
IlostoMy IMHJIbKH dJIaHieBbix 
CoeMHHeHHH paOoTaioT TOJIbKO Ha 
pacTsa>KeHne. | | 
Ilunuuyspuyeckue ~—_—sWITHOPTEI 
MUKCHPYIOTCA ClelHaJIbHbIMH 3all- 
jeuukamMu. Mexyy dianilaMy WH- 
JMHEpa cepBOMOTOpa  OJDKHO 
ObITh IPEYCMOTPeHO CnlelHabHOe 
yHuOTHeEHHe, IpeloxpaHatollee OT 
poTeukH Macuia HapyXKy WHIHHI- 
pa H IpOHHKHOBeHHA BOJbI BHYTPb 
ero. O6bINHO YIJOTHEHHA OCylle- 
CTBJIAIOTCA C IOMOUIbIO Kpyrsoro 
pe3HHOBOrO IlHypa, YyKJlaabIBae- 
MOrO B COOTBETCTBYIONNMH a3 BO 
Puc. VIII.51. Ynaornenve pesHnoppm muypom JIaHieBOM coeqMHeHHH. Jina Ha- 
J@2KHOTO YIWIOTHCHHA IWIHYPOM He- 
OOXOJMMO CTporoe COOTBeTCTBHe MeXKLy ero AHaMeTPOM H CeYeHHeM KaHaBKH, 
Kyla OH 3akKJagpiBaetca. Ha puc. VIII.51 moxa3ana cbopma u pasmepst pesu- 
HOBOTO IWHypa. 





PacueT WHIHHApa cepBomoTopa 


Ha WMIMHEp cepBomoTopa AeHCTBY!OT ceyroulHe Harpy3ku: 
1) oceBoe aBJeHHe BOJHI; 

2) oceBoe yCHJIHe OT JaBJIeHHA MaCa B WHJIHHEpe; 

3) oceBad Harpy3Ka OT Beca KOVIeca; 

4) BHyTpeHHee JaBsIeHHe Maca; 

5) KpyTALHH MOMeHT. 
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OceBbie Harpy3KH BbI3bIBaIOT B CTeCHKE. IHJIMHpa pacTarnBatoulue Halipa- 
2*KeHHA 


, 7 (p2__ 72 
o _ [Poet HOE de + 9 | (VIIT.128) 
21 + (p2 —p?) ’ 


rae Gp, — Bec : pa6ouero KosIeca 6e3 KPbIWIKH CepBOMOTOpa; 
—— HaMeTp WTOKa cepBoMoToOpa; 
p — JJaBJIeHHe MaCjla B IWWHHIpe. 
Hanpskenne pacTaxKeHHs B CTeHKaX NHIMHApa OT BHYTPeHHerO aBeHHA 
paBHO 





On = Be Oo (VIII.129) 
OTH HanpaKeHHA HalpaBJeHbI NepneHAHKyApHO K 0,4. 
CyMMapHble HallpAxKeHHA 


Sp= Voxrton (VIII.130) 


aa autou cranu J130 onycKaioT HallpsxKeHnua Ha pa3pHiB Jo 1000 xl /cm?. 

OjaHUbl WHIMHApPa UCMbITHIBAIOT HaNpAKeHHA H3rHOa NOX WeHcTBuem Oo.- 
TOB, KOTOPbIMH OHH KpellATCA K KOPIycy BTYJIKH H K KPbIllIke CepBOMOTOPA. 
Mp u6amxKennoe 3HayeHHe HanpAKeHHA H3rH6a BO *iaHile MOKeT OBITh Ope- 
weleHo 10 dopmyvie 


[Poet (034)? + Gp. | (Dou Pa) 


twD,,h? ° 
6 


Hanpsxeunue Ha u3rH6 ponyckaertca Jo 1200 xI’/cm?. Bonee TouHO paanasp- 
HbI@, AKCHAJIbHbIE H TAaHTeHWHaJbHble HallpxAxKeHHA MOTYT ObITb ONpeeJeHbI 
no mdopmyaam (V.170), (V.171) u(V.172) [106] a1 haanues c OTBepcTHeM ANA 
TOHKOH TpyObl, TaK KaK OObIMHO TOJULHHa ILMAHHOpa cepBomoTopa pabouyero 
Koleca S MeHbIlle, 4eM TOJMHHAa dulanira. 

OKCHEPHMeHTAJIbHbIe HCCIETOBaHHA MOKAa3aJIH, YTO B OTbEMHOM IWJIMHApe 
C€pBOMOTOPa MAKCHMAaJIbHOe HallpAKeHHe HMeeT MECTO Y HHKHErO *ilania 
WHIHHIpa. Suiopa HallpsxKeHHA HMeeT BHA, NOKasaHHEIH Ha puc. VITTI.o0. 
Han6o/lpuive CYMMapHble Hallpx2xKeHHA ObIH 3aMepeHbI Ha BHeLIHeH CTeHKe 
WHIMHApa y HWKHEFO *iaHhila Ip HOPMAaJIbHOH paooTe Ip ABHXKeHHH NOPWwHA 
Ce€pBOMOTOPa BHH3, KOrfa WeHcTByeT OCeBOe YCHIHe OT JaBJICHHA MaCJla B IH- 
JHHApe cepBomorTopa. | | 

IIpu pa3roHHbIx OGopoTax HallpsAKeHHe B IWJINH Ape OblIO HECKOJIbKO MeHb- 
IUHM. 





6, = (VIIL.131) - 





Kppluika WHIHHIpa ceppomoTopa 


KpblliKa IWJIMHpa CepBOMOTOpa BbINOJIHAeTCA OObIUHO B BHC OTIHBKH H3 
YIepOANCTOH CTA C NOBBIINCHHLIMH MeXaHH4YeCKHMH CBOHCTBaMH (HallpHMep, 
20PCJ). 

Kpbliika IMJIMHApa HMeeT KOHHYECKYIO (OPMY H CIYRAT AIA COeMHHEHHA 
WHIHHIpa paOouero Kosleca c Basiom TypOuHBEI. Uepes KpbIMIKy WHIMHApa 
nepeqaerca Badly arperata oceBoe AaBseHHe BOAHI, Bec paboyero Koeca H KPyTA- 
WtuH MOMeHT. Kpome Toro, KpbIlIKa NofABep2KeHa aBJIeHHIO MacCJla, HaxojsA- 
ulerocAd B ILHMHHApe cepBomoTopa. 

Ha puc. VIII.7 xopomo BuyHa KOHCTpyKUHA KPpbILIKH CepBOMOTOpa 
paOouero Koseca. B KOHCTPyKUHH, NokasaHHoH Ha pue. VIII.8, KppiuiKka 
IHIHHEpa ycHleHa WHJIMHApHyecKHM peOpom. 
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B nocjleqHee BpeMA B CBA3H C yCIleXaMH CBapOdHOH TeEXHHKH H CO32aHHeM 
CBapHbIX BaJIOB THAPOTYpOHHbI CTaJIO BOSMOMKHBIM OCYILECTBJICHHE HX KOHCT- 
PYKIUHH C pa3BHTbIMH *blaHiaMu, KOTOPbie ABJIAIOTCA OMHOBPeMEHHO H KPbIIKoH 
IWHHIpa cepBpomoTopa. Takaa KOHCTpyKWHA NOKa3ana Ha puc. VIII.9. O6te- 
WMHEHHe KPHIWIKH C BasJIOM yIpoulaeT KOHCTPYKIHMIO BCEACTBHE JIHKBHalHuu 
COeCJHHEHHA C IIpHNacCOBaHHbIMH OovlTaMH. PaHee pH WebHOKOBaHBbIX Bawlax 
TIpHMeHeHHe TaKHX KOHCTPYKUMHA OFpaHHAIHBaNOCb TeXHOJIOrTHYeCKHMH BO3- 
MO2KHOCTAMH MOJIYYeHHA NOKOBOK BaJIOB C HEOOXOAHMBIMH pa3sMepaMH (lana. 

CoeHHeHHe KpbINIKH LWHAHHApa C WHJIHHZ POM CepBOMOTOpa OCYMIeCTBAeTCH 
C NOMOULbIO OOVITOB H CPeSHBIX WITHMTOB aHaJIOTHYHO COeAHHEHHIO ILMAIHHApa 
Cc KOpIycomM. 


PacueT KpbIIKH 


Kppimka paGouero Kovieca paccMaTpuBaeTCA Kak Kpyrl0e KOJIbIIO MOCTOAH- 
HOrO MomepeuHoro ceyeHHA, CKPyYHBaeMOe MOMECHTAMH, PaBHOMepHO pacmpe- 
JI@JICHHBIMH BJOJIb OCeBOH. MHHHH KOJIba (puc. VIII. 52). Hanpsaxeune B Cce- 
YeCHHH KPbILIKH HOXCUMTHIBaeTCH TO dopmyviam (V.181) 

im 


l 
m? m 
(n—7-) r 


B aHHOM BbIpaxKeHHH He YUTeHO BJIHAHHe MJaHWeBbIX COeCHHEHHH. 
@MJlaHIeBble COCJHHEHHA, pH MOMOUIH KOTO- 
PpbIX Kpblllika MpHKpenseTcH K Bally TypOHHbI 


o=M, (VIII. 132) 


—~ 


Dp ly 






Heuimpa novan 





Pue. VIII.52. Cxema Harpy30k Ha KpbILIKy WHIHHApa cepBomoTopa 


HM WHIMHApy CepBOMOTOpa, B H3BeCTHOH Mepe yCHJIHBaeT KPBbILIKY H IPHBOAUMT 
K CHH)K€HHIO HallpaKeHHH B HEH NO CpaBHeHHO CO CBOOOAHOH KpbilikoH. Tou- 
HbIM pacueT daanweBoro coequHeHHa 3aTpyaueu. JI. M. Kauanos [36] npen- 
OKI WpHOWKeHHO YYHTHIBATh BHAHHE (blaHUeBbIx COe¢QHHEHHH -KpbILIKH 
Ha OCHOBaHHH CJlelyIOllux cooOpaxkeHui. 

Ilocne c6opku 3a C¥eT HadasbHOro HaTAra OouToB OyzeT CyWeCcTBOBaTh 
WaBsleHve Ha WOWatH CONPHKOCHOBeHHA GanleB, HeOOxoAuMOe AJA MJOT- 
Horo coequHeHHaA. [locale npHOoxKeHHA HAarpy3KH K KPbilliKe yCJIOBHA KOHTAaKTAa 
MO MJIOCKOCTH CONPHKOCHOBeHHA (laHieB H3MeHAIOTCA. JlaBeHHe MexKy HHMH 
yMeHbIlaeTCAH, HO OHO He JOJIKHO OOpalllaTbcH B HYJIb, T. €. KOHTAKT He 
ROJKeH HapymatTben. Tak Kak KpbIlKa H (plaHIbl ABJIAIOTCA MA@CCHBHBIMH JlerTa- 
JIAMH, Ne*pOpMallHH B COeHHEHHU OyAyT MPOHCXOAUTE B TIepBylo o4vepedb 3a 
cuer OOJITOB. 

EcM moJlaraTb, UTO BCe CeueHHe KPBIIKH NOBOpadHBaeTcA WeJIMKOM Kak 
TBEpqoe TeIO, TO MOMCHTHAA YaCTbh AaBJICHHA BbISLIBAeCTCA JOOABOUHbIM pacTa- 
*KeHHem OoTa pH nNoBopoTe diana Ha yroa 9 (pue. VITI.52). 
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JJo6aBouHble pacTAKeHHA COOTBETCTBEHHO paBHbI 1,9 u h,0 U BbI3bIBAaIOT 
AONOMHUTEbHOe ycHuiHe B 6ouITax 


Pp = E at Poo =E nF 


le 








rye h, u h, — neu; 
i, u l, — ganna Gonros, y4acTBy!Oulux B JebopmManuHn pacTaxKeHHa; 
F,u F, — iaomaqu ceyveHuh 6ovJITOB. 
CieqOBaTeJIbHO, BeEJIMYHHbI MOMEHTOB, JCHCTBYIOWHX Ha CeYeHHe KPbILIKH, 
OT 9THX yCHAHH OyAyT paBHBl: : 





M 1 — | E OF fy; 
KL 21 l ’ 
(VIII.133) 
] hyOF 5 
Mrs = on E is fly. 


OTH MOMeHTHI HMEIOT HallpaBJICHHA, OOpaTHble HanpaBJIeHHAM H3rHOatolmlero 
MOMeHTa OT JeHCTBHA BHelIHeH Harpy3KH. CueqoBaTesibHO, yueT BJIMAHMA 
(plaHIUeBbLIX COeCHHEHHH IIpHBOAHT K YMeHbIUeHHIO H3rHOaloulero MOMeHTa H, 
CNEQOBaTeIbHO, HalpAKeHHA B KPbILIKE. 

Ilo 3axouy Tyxa | 

E®y 


Co = —— 
r? 


CIENOBATeJIbHO, | , 
E0=0o 7 (VILI.134) 


Mopmyuaa (VIII.132) aaa noxcueta HallpaAxeHHA B KPbILIKe C y¥eTOM ylIpo- 
IarolulerO BIIMAHHA *PAHWeBbIX COCAHHEHHH OyeT B COOTBETCTBHH C Bbipaxke- 
HuaAMH (VIII.133) uw (VIIE.134) umerp Bug 


tr 
Me) 
m2 1 (my FyAy — noF ohh 
r (n— 7) +5 nn an 


‘Tye y — KOOpMHHAaTa TOUKH KPbILIKH, OTCUMTLIBACMaA OT IIPHHATOH OCH; 
r — KOOPHHAaTa TOUKH KPbILDIKH, OTCUHTLIBAeMaA OT OCH OTBEPCTHA 
KPbIMIKH; 
[, m, nm — COOTBeTCTBYIOLIHe KoadxbuneRTsr, ABJIAIOUMeCA MYHKUMAMH TF, 
olpeyesinemMble 10 dopmyviam (V.183); 
h, — paccrosHne OT Kpan diana KpbILIKH AO OCH OoTa coeqHHeHHA 
C ILHJIMHIpoM; 
fly HW fl, — KOJIMYECTBO COOTBETCTBYIOLIHX OOJITOB; 
F, — nmaomlalb nonepewhoro ceqeHua OOVITOB, CKpeMJIAIOWLHX KPbILIKYy 
C LHIHHIPOM; ~~ 
h, — paccToaHue OT ocu OovITa COeMHHeEHHA KPbIIIKH C BaJIOM JO T10Ca- 
Wounoro 6ypTuKa Basa; 
F, — Maoulayb nonepedHoro ceyeHHua 6onTos, CKPelIAIOWHX KPbILUIKYy 
C BaJIOM. 
Onpefeenue Berna, BXOALLAX B STY cbopmyay, NPOHsBOAATCH Cle y!0- 
IMM IlyTeM. 
Msru6aroljuH MOMeHT OllpejemaeTca Kak CyMMa MOMEHTOB, neiterByIouLHX 
Ha MOJIOBHHY KPbIWKH OT peaKWHH H JaBsIeHHA MacJla 


M, = M, —M,—M,, — (VITT.136) 


o= (VIIT.135) 





458 


rae M,— MOMeHT OT peakiLHH R, KpenvIeHHA K WHHHY 
1 1 





RD 
M.= 3 
M, — MOMeHT OT peakitHnH Ry, KpelvieHHA K Bay 
| R, D 
Mp = 


M,— MOMeHT OT JlaBJICHHA MacJa Ha KDbIILIK 
p Pp p y 
t(D?—d*)p 4 (R—F') 
M, = St. ee 5 (D> — d*). 


8 3% = (R* — r*) 
CyielOBaTeJIbHO, | . 
| 
My ==> (R,D, — R,D,) — 4, (D® — a), — (VIII.137) 
re Ry =G + Px +Q: 
| | | Re = Ry — Q. | 
3necb G — Bec pa6oyero Koseca (6€3 KDpbIIIKH); 
Po. — oceBoe JaBJIeHHe BODHI; | 
Q. — ycusHe OT NaBAeHHA macia 
Q= + (pt — d*) p. 


TloacuutaHupie Takum 06pa30m HalipsxKeHuA B KpbIiukKe nonycKarorca nopaaKa 
1000—1200 «I/cm?. | 


Taoaspa IX 


NOAWANHAKH THIPOTYPBHH 





1. OBUIHE 3AME4UAHMA 


CoBpeMeHHble KpylHble THAPOTYPOHHbI XapaKkTepH3ylOTCA OOJIbILIMMH pa3- 
MepaMH H BecoM JeTaslen. Bpaljarouluica porop ruyzpoarperata uMeerT OoJIbuIHe 
MaxoBble Maccbl. [Ipu HecOallaHCHpOBaHHOM poOTope BO3HHKAIOT 3Ha4HTeJbHbIe 
HHepIUHOHHble CHIbI. Ha poTop MoryT AeHCTBOBaTb OOKOBbIe CHJIbI IPH HECHM- 
MeTPHUHOM BO3AeEHCTBHH NOTOKa Ha padoyee KOJIecO H OMHOCTOPOHHEM MarHHT- 
HOM IIPHTAXKeHHH poTopa reHepaTopa. Bce 9TH yCHJIHA HM BeCOBbIe Harpysku 
QOJDKHbI HaexKHO HW WJIHTeJIbHO BOCIIPHHHMATbCA ONOpaMH. 

B cBxA3H C TeM, 4YTO TypOuHa UH reHepaTOp ABAIOTCA 10 CYIMeCTBY CAHHbIM 
arperaTOM, HMeIOULHM HHOTa Wake eAHHbIM Bal, ONOPbI Bala — NOAUWIMMNHHKH 
H NOANATHHK — AOJKHbI BLIOMPAaTbCA H yCTaHaBJMBaTbCA c yyeToM oObuuleH 
KOMIIOHOBKH THpOcTaHItHH, KOHCTPyKILHH ruapoarperatTa WH Harpy30K, eH- 
CTBYIOUJHX Ha ero poTop. 

Jia YOPH30HTAIbHbIX THApoarperaTOB OCHOBHbIMH Harpy3KaMH Ha HX 
NOWIUMNHHKH SABJIAIOTCA Beca eTaleH, HalpaBJIeHHble NepneHAHKYJIAPHO 
OcH Bala. Harpy3ku, JeHCTBYyIOULWe BAO/Ib Bala Y TOPH3OHTAIbHbIX MALIHH, 
MeHbIle, 4M Y BePTHKAaJIbHBIX. 

JloqImMNHHKHY BepTHKabHbIX FHApOarperaToB ABJIAIOTCA B OCHOBHOM Ha- 
NpaBJIAIOULHMH. OHH NOJBep2xXeHbl JIMUIb JeHCTBHIO CAy4YaHHOH Harpy3KkyH, 
BbISbIBAeMOH JHHAMHYeCKOH HeypaBHOBeWIeCHHOCTbIO pOoTOpa H HeCHMMeTPH4- 
HOCTbIO NOTOKAa BOJBI. 

KoJlH4ecTBO NOAIMMMHHKOB, ONOPHbIX y TOPH30HTaIbHBIX HW HalipaBJiAlo- 
IHX Y BepTHKaJIbHbIX THApoOarperaToB, yCTaHaBJIHBaloT B 3aBHCHMOCTH OT 
KOHCTPYKUHH TYPOHHHI, reHepaTopa H AVIHHbI Bada. 

TIloqWIMMHHKH HW NOANATHHK MOLyT ObITb Kak CKOJIbxKCHHA, TAK H KaveHHA 
(IUaPHKONOAUWIMNHHKY WIM pOJIMKONOAUINMHHKH). 

B KpymHblx ruipory pOunax IIPHMCHAIOTCA B OCHOBHOM NOAIMIMNHUKH CKOJIb- 
*KCHHA Ha MAaCJIAHOH HH BORAHOH cMa3Ke. Handouee pacnpocTpaHeHHbIMH, 
OcO6eHHO AJIA TOPH3OHTAJIbHbIX TYPOHH, ABJIAIOTCA NOAUWIMMHHKH Ha MaCJAHOH 
cma3ke. [JoqmMnHHKM Ha BOAAHOH CMa3Ke NOY WHpoKoe IpHMeHeHHe 
TOJbKO B KaueCTBe HalpaBJAIOULUX NOAWIHNHHAKOB WIA BepTHKAaJIbHbIX THAPo- 
TypOuH. 


2. KPATKHE CBEJEHHS OB ONOPHBIX HOAMWHTHAKAX 


KOHCTPpyKILHH ONOPHbIX MOMUWIMNHHKOB CKOJIbKeHHA Ha MaCJIAHOM CMa3ke 
AA TOPH3OHTAIbHbIX TYpOHH B OCHOBHOM OTJIH4aIOTCA THNOM MOCaqKH BKJia- 
Jbllla W CHCTeMOM CMa3KH. CyiecTByeT 2Ba OCHOBHBIX THMa NOCaAKH BKJajblila: 
*KeCTKaA HW CAMOYCTaHaBIUBaloMladca (ccbepuyeckaa). 

KecTKad MocadKa NpHMeHAeTCA B TeX CUYUaAX, KOPMa He OXRKUMaeTCA 3aMeT- 
HOH JedopMallHu Bala WIM KOpnyca. CamMoycTaHaBJHBaiolmMecA NOLMANHHKH 
cO cepHuecKOH ONOpOH NOSBOMAIOT BKJaLbilly MpHHHMaTb Pa3JIHUHble NOJO- 


ZKCHHA OTHOCHTCJIBHO OCH KOPITyCa H Ipucnoca6IMBaTbCcA K H3MC€HECHHAM JIHMHHH 
Bala. 
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Ha puc.1X.1 noKa3aHpt cxemMbI NOAUIMMHHKOB CKOJIbKeHHA C HCNOb30Ba- 
HHe€M MaCJIAHOM XKHAKOM CMA3KH, IPpHMeCHAeMOH JIA TOPH3OHTAJIbHBIX BaJIOB. 

Ha puc. 1X.1, @ noka3aH MOAUIMMHHK Cc *KeCTKOM NocalKoH BKIaAHIUA, 
C KOJIbIeBOH CMa3KOH. CBoOoHO BHCAee Ha Badly KOJIbIIO pacnomaraetca 
B Ipopesv BepXHeH NOJOBHHKH BKJafpina. Kobo yBeKaeTCa BpallalouluMca 
BaJIOM, 3AXBaTbIBaeT H3 HUKHEFO pesepByapa MaCJIO H WOsaeT ero Ha TpyuHecA 
HoBepxXHocTH. Kobo Norpykaerca B MaCJIO UpHMepHo Ha 0,25 ero AHaMmertpa. 
OObem MacJla B BaHHe CexyeT NpHHuMaTb 1,5—1,0 o6bema nandet. O Kosn- 
wecTBe MaCJla, MOMaBaeMOro KOJIbILOM, H3BeCTHbI caelyloulHe Wanupre [1 ]. 

CmMa304HOe KOJIbILO WHaMetpom D = 370 mm, HazeToe Ha wandpy .HaMerpomM 
d = 225 mam, pH TemMMepatype MaliMHHoro Macja 60° C, npu norpyXeHHu 
Ha 00 wm uw mpH 500 06/mun — nogaBano 1,2 2/mun mMacaa; upH 800 06/mux — 
1,7 a/mun; pu NorpyxeHuu Kouba Ha 25 mm NOmaua Macaa npu 500 06/mun 
Opa 1,0 2/munx u mpu 800 06/mun — 1,2 v/mun. 
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| mMacna 
Puc. IX.1. Cxema nogqmunuukos CKOIbKEHHA JIA TOPH3OHTANbHEIX BaJIOB: 


f — cMa30qHOe KONO; 2 — cmMa3040HBI mHCK: 3 — ckpe6ok: 4 — ynnotHenue: § — mapo- 
Basal onopa 


BKaXbinh MOAUWMTHAKOB OObIYHO 3aIMBalOTCA BbICOKOKaYeCTBEHHBIM 
Oa06uToM. JI 3aHBKH ONOPHBIX H YNOPHBIX NOMMANHUKOB Ip HMeHHeTCA 
OJOBAHMCTHIH Oa66uT 583. Panbuie OH MpHMeHAJCA MH AA HanpaBsAoUlAx 
NOAMWHHHHKOB PHApoTyp6uH. 

B cBa3H C JOpOroBHsHOH O0Ba H ero Ae*PuLHTHOCTHIO ceiiuac lipHMeHAIOT 
AJA HalpaBIAIOWlHX MNOAINHHHHKOB THApOTypOHH OJOBAHHCTOCBHHILOBHIL 
6a66uT B16. | , 

YIOMAHYTHe Oa66uTHI HMEIOT CeMyIOWHe CBOfiCcTBa H COCTAB: 1) Ba66ut 
B83: 83% Sn; 11% Sb; 6% Cu; ynenbupli Bec 7,38; TBepsocTb no BpHHevro 
npu 17° C HB 30; npu 100° C — HB 13. 2) Ba66ur B16: 16% Sn; 66,25% Pb: 
16% Sb; 1,75% Cu; ynempubiit Bec 9,29; rBepnocTh no BpHHeso mpu 17° C — 
HB 30; npu 100° C — HB 13. a | — 

Ha pac. XI.1, 6 noka3aH nogxMMnHNK Cc AHCKOBOM CMa3KOH. 3necb Momaua 
MaCJIa OCYHICCTBIAeCTCA MOCPeACTBOM KOJIbIla HJIH AHCKa, 3aKpelieHHOrO Ha 
Bally. JIHCk, OKYHaACb B MaCJIAHYIO BaHHYy, HH)KHHM KpaeM lipH BpawleHun 
BaJla 3aXBaTbIBaeT 4aCTb MaCJla BBepx. B BepXHeli 4aCTH BKvaJbillla LHCK OXBa- 
ThIBAeT CKPeOOK, KOTOPbIN CHHMAET C HeEFO MaCJIO, H OHO CaMOTeKOM nO KaHaJly 
MpOxXOAMT K TpyUHMca NoBepxHocTAM. KomMuecTBO NoqaBaeMOro Macsia ycTa- 
HaBJIMBaeTCA ONbITHBIM NyTeM. Ona CyIMeCTBeHHO YBEAMYHBAaeTCA IPH GO/IbIIEM 
3aryOuJieHHH AHCKa HW C yBeIHYeHHeM CKOpocTH ero Bpamenua. Ha puc. IX.1, 6 
MOKa3aH CM@3O4UHbIM AHCK 2, pacnoOAOKeHHEI COoKy, HO OH MOKeT pacnoua- 
raTbCH H B CaMOM ITIOJUIMMHHKe. . a ) | 

Ha puc. IX.1, 6 nokasaH nog_WHMnHUK c WUPKYJAWHOHHOH CMa3KOH Nod 
HaBienHemM. Macao mogaerca m0 Tpy6onpoBoxy oT MacaAHOro Hacoca. OHO 
TOABOAHTCH K TPyYULHMCH NOBEPXHOCTAM K TOPH3O0HTa/IbHOH KaHaBKe MexKJLy 
BK Jai buiaMl WIM B KaHaBKy HM KHEPO BKJlaspliila. Maco oT Tpyuluxca MOBepx- 
HOCTeH CTeKaeT B MaCJIAHY!0 BaHHy B KOpiyce NoAWHNHHKa OTTY a OTBOAUTCA 
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B XOJIOMWIbHUK (ECM TpeOyeTca) H 3aTeM CHOBa NosaetTca K Hacocy. B Kpyn- 
HbIX M@aUlIMHaX MeK]Y XOJIOMMAbHHKOM HW MOAMHMHHKOM YCTaHaBJIHBaloT 
@HJIbTP WJIH OYHCTKH Macjia. Macao o6bl4HO nNOAaeTCA NOX AaBeHHem 0,5— 
1,2 amon. | 

B KpPyUHbIX NOAWMNHHKaX TA OXMaxKIeHHA TpyMMxcA NMoBepxHocteii 
IIPCXYCMaTPHBaIOT CIelHaJbHbIe KaHaJIbl WIA BObI B OTJIMBKE BKJabiilia. 
TloqummnHuK BbINOHeEH co cdhbepuueckoH caMoycTaHaBJHBalOlleHca nocayKon 
BKJlaqpiia. Jin MpeOTBpalleHHA «paCKOJa¥HBaHHA» NMOCaqOuUHOH NoBepx- 
HOCTH B CJlydae YaCTO NOBTOPAIOULMXCA OCeBLIX TOJIUKOB PeKOMeHyeTca WIH- 
puuy B wapoporo noxsca OpatTb AocTaToukoO wHpoKon (B/D > 0,9). 

Bpl6op THMa CMa3KH TOPH30HTAaJIbHbIX NOLUWIMMHAKOB MOKHO NPOW3BOANTb 
TIO BEJIMYHHE OKPYKHOH CKOPOCTH H YJeJIbHOMY aBJICHHIO 


_ P 
4 2 3 4 Po OT: 


[Ipu VY pou? <6 Bo3MoxKHAa NOU y- 
rycTad CMa3Ka; OXJlaxKeHHe He Tpe- 
OyeTca; | 

IIpu V pu? =6+50 cma3Ka KOuIb- 
eBaA WH AuCKOBadA 6e3 HCKYCCT- 
BeHHOTO OXJlaxKIeHHA NOAWAMHHKA; 


| BX IIpu V pu? =50+ 100 Bposmoxua 

QRS UNS KOJIbIeBad WH JHCKOBad CMa3Ka, 

BBY NN | HO TpeOyeTca HCKYCCTBeHHOe BOAA- 

Hoe OXJiaxKeHHe HIM WHPKy/IAWHOH- 
“Hand CMa3Ka; 


3 - 
Puc. IX.2. Qnopnpl nogwHunuHuk ropH30H- IIpu VY pou? > 100 cmaska WHp 


TaNbHOH KalicybHOH TYPOHHbI KYNAWMOHHAA. 
| Heo6xo2HMO UMeTbBBHBY, YTO Ip 


| OKPYKHbIX CKOPOCTAX U<(2,5 m/ceK 
u u > 13 m/cekK KoNbueBaA CMa3Ka HeHajexHa. CrelqyeT TaKXKe YUHTHIBATb 
OCOOeCHHOCTH 9KCHJYaTalHOHHbIX YCJOBMH nowwunnHKa. Ecau, Hanpunep, 
K NOAMIMNHNKY HeT AOCTYNAa JIA OCMOTPa JeWCTBHA CMa3bIBaIOLHX MpHcmoco6- 
JIGHHH, WeecoOOpa3HoO OCYLIECTBUTb LHPKYAAWMOHHYIO CMA3KyY, eCJIM ake 10 
yYCJIOBHAM MeXaHHyeCKOH 3arpy3KH MOXKHO HPHMeHATD H Govlee MpOCTyIO CMa3Ky. 

B KauecTBe IIpHMepa COBpeMeHHOrO ONOPHOrO NOAWHNHHKAa KpyNHOHK Tropu- 
SOHTaJIBHOH KalCyJIbHOH TH_poTypOuHbI NpuBekeHa KoHcTpykuHA XTTS3 
(puc. 1X.2). Y Hero Harpy3ka Ha nogmunHuk 114 T, yqetbHaAd Harpy3ka. 
15 «I’/cm*, okpyxkHaa cKopoctTb 4,7 m/cex. 

BkJajblll NOAWHNHUKA COCTOHT H3 BepXHel 2 H HHDKHEH 6 NOJOBHH, CKpell- 
JIGHHEIX MeXxKLY Co6oK 6ouTaMH 3. OnopaMu BKJafbiilla ABJIAIOTCA CfepHyecKkHe 
NOAYWIKH —TpuH 5 Ha HH KHEH NMOMOBHHE WH OfHa #4 Ha BepXHeH MOJIOBMHE. 
HwokHHe MOMYIIKH OMUpaloTCH CBOHMH ctbepHueCKHMH NMOBePXHOCTAMH Ha 
ONOpbl, yCTaHOBJIeHHbIe B OOOKMe, CMOHTHpoBaHHOH Ha HHKHeEH MOJIOBHHE 
ONOpHOTO KOHyca TosuIMNnHHKa. BepxHaAn Tloxywika omupaetca Ha onopy, 
yCTaHOBJICHHYIO B BepxXHeH NOMOBHHE ONOPHOTO KOHYyca NOAUIMNHHKA, Yepe3 
KJIHHOBOH 3a€MOK /, IPH HOMOILH KOTOPOrO MOXKHO peryJHPpOBaTb HAaTAYL N10 
cepHueckHM oOnopaM BKJaybiua. BKaianibliH ylep2KHBaloTCA OT MoOBOpoTa 
CTONOPHBIM IUTHDTOM, yYCTaHOBJICHHbIM .B BepXHeH NOymke. 

B cBxA3M C MOCTOAHHbIM HalipaBseHveM JeHCTBHA Harpy3KH Ha MOyUUIKy 
BHYTPeCHHAA NOBEPXHOCTh BKMAablila 3a1HTa OaOOHTOM TOJbKO Ha HH KHEH 
ero NOJIOBHHE, a Ha BEPXHeH BBINOJIHEHbI JHUIb G6aG6OHTOBLIC yMJIOTHHTEeJIbHBIe 
NOACKH, YMeHbIalolve KOJIM4eCTBO CJIMBaeMOro MaCJla Yepes TOPIbI BKMaApIMa. 
MacJIo NOABOAMTCA K NOAWHNHAKY 4epe3. HHXHIOIO TOJIOBHHY BKJabiiila 
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BOJH3H TOPH3OHTaJbHOrO pa3sbema. Jia OOerueHHA padoTh NOAMUNHHKAa pH 
mycke. H OCTAHOBKe MpOH3BOAHTCA Nofava Maca NO HH3MIeH OOpasyrolleH 
BKJablilia NO, BhICOKHM JaBJIeHHeM OT CNellHaJIbHOH ycTaHOBKH. MacJio CJIH- 
BaeTCA wepe3 TOPIUbI BKablla B CJIMBHYyIO BaHHy, pacnomomKeHHylo Tlepey 
NOAH HAKOM. 

KouTpoudb 3a pa6oToH NOAMIMNHHKA OCYILeCTBAAeTCA nyTeM usMepeHHA TeM- 
nepatTypbl 6a6OuTOBOH 3a1HBKH BKJablilla B erO HHKHeH MOJIOBHHeE TEPMOMET- 
pamMu conpoTuHBjeHHaA. LeHTpoBka BKJabilla MpOH3SBOAHTCA TIpH HaJlH4HH 
NpoklaqOK, YCTaHaBJIMBaeMbIX NOX noxyuiku. AHaNOrMv4Hblh NOAMANHHK WA 
KallcyJIbHBIX TypOuH Uepenosernkon TOC BrinomHen JIM3 na cnenyroulve napa- 
MeTPHI: Harpy3ka 85 7; yqeibHana Harpy3Ka 17 KI/cm?; OKPy2KHad CKOPOCTh IIpH 
HOPMaJIbHbIX o6oporax 4,2 m/cex. 
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gOpasHom cnoe a Onopocmo Gennbibonun U 
Odnacmb 
cyxoe0 mpenun 


Puc. I1X.3. K TeopHH ruqpoquHamMuyeckoro TpeHHA: a — OOpa3s0BaHHe 
aBJIeHHA B KJMHOOOpPa3HOM c0e CMa3KH; 6 — KOSqd<pHUHeHT TPeHHA WIA 
pasJIM4HbIX CKOpOcTeH 


ONOpHble NOAWHIHHKH pacCUHTHIBaIOTCA Ha YCJIOBHA pa6oTh Np KHAKOM 
TpeHHH, OOecne4uHBaIOWIeM HaHMeHbIUHe noTepv. Jia o6ecneyweHunx HAaMMeHb- 
wero TpeHHA HeOOxOZHMO, 4TOGbI pH B3aHMHOM MepeMelleHHH TPyWlHxca 
NOBepxXHOCTeH MexKAy HHMH Bcera HaxOHJICA COM CMa3KH. A 3TO BO3MOXKHO 
TIpH OMpeMeseHHbIX YCJIOBHAX. 

BorpocaMu xHAKoro WIM rHApowmMHamMHyecKoro TpeHus 3aHUMA@JIHCb MHO- 
yHe HccieqoBaTeH, BepBble OCHOBHbI€ MOJOKeHHA FAAPOAHHAMHMYeCKOH 
TeCOPHH CMa3KH OblIH copMy.upoBaHH VW. H. Tlerpospm B 1883 r. 

OcHOBHOe ypaBHeHHe TeOpHu THAPOAWHAMHYeCKOrTO TpeHHA MMeeT BHA 

dp _  6u  h—hy 7 
Th Oe (IX.1) 
re A — xoadpbunnent BASKOCTH MaCJia B ceK-Ke/m?. _ 

OcTaJIbHbie O603Ha4eHHA MpHBeLeHEI Ha puc. 1X.3, a. V3 storo ypapuenus 
OlpefeIAeTCA SHAYeHHe NOAHOTO aBAeHHA Py, BOCIPpHHHMaemoro onopoli 
WJIMHOH L W WMpHHOK, paBHOH eqHHuLe, 


6AuL? 
2 . 





1 T, (I X.2) 
roe T — KostpulvenT NOAbEMHOH CHIBI. 
. IIpH B3aHMHOM TlepeMeneHHH ABYX CMa@3bIBaeMbIX TOBEPXHOCTeH BO3MO2KHBI 
TPH OCHOBHBIX cJly4aa: 

a) MJIOCKOCTH NepeMellaloTca NapasNebHO Apyr Apyry, TOrga MexLy HUMH 
He BO3SHHKaeT HHKaKOTO aBJeHHa; | 

6) MIOCKOCTH pacnOWOXKeHHble HAKJIOHHO UW MaCJIO YBI@KaeTCA OT HIHPOKOro 
KOHIa eH K yY3KOMY (3aK1HHHBaeTCA). B 3TOM cay4ae MOCKOCTH MOryT 
BOCIPHHHMAaTb Harpy3ky, MepneHAUKYJIAPHY!O HalpaBJIeHHIO JBHXKeHHA; 
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B) MIOCKOCTH PpaCloJIOKeHbl HAKJIOHHO H MAaCJIO yBuleKaeTCA K pacUIMpAlo- 
I€MyCA KOHILY Wein. B TOM culy4ae B C10e CMa3KH HMeeT MECTO OTPHILaTeIbHOe 
aBJleHHe. 

Aaa MouwyyeHuA 2RKYAKOCTHOTO TpeHHA HeOOxoAHMO, aTo6wi 3a30p MexKIY 
ABYMA CKOJb3ALLMMH NOBEPXHOCTAMH HMeJ KJIMHOBMAHYIO copy. IIpu stom 
MaCJiO COOTBETCTBYIOUeH BASKOCTH JOJKHO 3allOJIHATb 3430p H HemIpepbIBHO 
NOMaBaTbcA K HEMY B HeOOXOAHMOM KOJIHYUECTBE. 

- JKHAKOCTHOe TpeHHe BO3MOXKHO JIMWIb MPH CKOPOCTAX, MpeBbIWalowWHx 
JIA 340aHHbIX Harpy3Ke H CMa304UHOM MaTepHasie HEKOTOPylO MHHHMaJIbHy!0 
CKOPOCTb — CKOPOCTb BCIVJIbIBAHHA B3@HMHO MepeMellalwolulyxcA NOBepXHOCTeH. 

Ha puc. [X.3, 6 noKa3aH XapakTep H3MeCHEHHA KOSPDHUHeEHTAa TPeHHA pH 
3aJaHHOH yAeIbHOH Harpy3Ke B 3aBHCHMOCTH OT ckKopocTH. IIpH HeKOTOpOHK 
CKOPOCTH kKoodPHUveEHT TPeHHA Nowy- 
YaeTCA MHHHM@JIbHbIM. OnbITaMH yCTaHOB- 
J@HO, 4TO BeJIHUHHA KOSPPHUHeHTAa Tpe- 
HHA WOmyuaetcA MHHUMAJIbHOH IIpH CKO- 
pocTax, 61H3KHX K CKOPOCTH BCIIVIbIBa- 


n>o  : 





10 
O02 04 06 08 102° 


Puc. [X.4. K pacaery onopxoro noqwmumHHka 


HHA. OnHako B NpakTHKke JONYCKalwoT AMAHTeIbHYIO paOoTy Oop IpH cKo- 
pocTax, He MeHee 4eM B 2—3 pa3a Ooulee BbICOKHX, 4M CKOPOCTb BCIVIbIBa- 
HHA, XOTAH IPH STOM HW NOMyyaeTCA HeECKOJIbKO OOAbIUMH KOSPDUUHEHT TPeHHA. 

Jaa Toro UTOGHI B NOAMWIMNHHKe JIA TOPH3OHTAJIbHbIX BaJIOB OBO O6ecrie- 
WeHO 2KHAKOCTHOe TpeHHe, HeOOXOAHM JHaMeTPaJIbHbIH 3a30p MexKAY Wandpow 
H NOAWHNHHKOM, KOTOPbIM 34BHCHT OT BEHYHHbI Harpy3KH, CKOPOCTH Bpaille- 
HHA WH BA3KOCTH Maca. BaxHbIM YCJIOBHeM JIA HawexKHOH padOoTh nogzwun- 
HHKa ABJIACTCA IIPaBHJIbHbIM BHIOOp HaHMeHbuUlero 3a30pa MeXy Wanpow u 
NOJep2XXHBAaIOUleH MOBEpXHOCTbIO BO Bpema paboTH. Ha puc. 1X.4 noKkasanHo 
nNowOXKeHHe Waldbbl B MOKOe WH IPH BpawleHHu. B cocToanun noKkoa (h = Q) 
MexKIy Wandol WH BKJabliiemM oOpa3syeTcA KJIMHOBHAHBIM 3a30p (puc. IX.4, a). 
B Hauasbubi MepHod mycKa, Korga CKOPOCTb BpalleHHA Landbl HeBewuKAa, 
6yeT nomycyxoe WIN NoOwyxXHEKOe TpeHHe. IIpH yBeJIMYeHHH CKOpOCcTH 
BpalleHHA NOX BALMAHHEM PasBHBalOlleroca B 3a30pe THAPOAWMHAMHUECKOLO MaB- 
JIGHHA MACJIAHOTO COA Wanda OTHEAHTCA OT BKMablla H MepeMecTHTCA B CTO- 
poHy ABuxKeHHA (puc. [X.4, 6). IIporuBozaBaenue B CMa304UHOM CJI0e BO3pa- 
CTaeT 10 Mepe yYBeJINYeHHA CKOPOCTH ABH2KeHHA Walcpbl H BASKOCTH KHAKOCTH. 
Yem Ooulbme Hx MpousBeqeHHe, TeM OoulbIle BeIHYHHAa MHHHMAJIbHOrO 
3a30pa. 

Pacuet nowMUnHUKa CBOJHTCA K TOMY, uTo6ut ONpeeHTb ycnoBua, Tipu 
KOTOPBIX Wanda OTAe1AaCh Obl OT BKMafbiilla COeM CMa3KH, OOJalalomlen 
HecymeH cnoco6uocTh1. HaxoxatT. 3aBHCHMOCTb “MexIy nowlep2khBalonleh 
CNOCOGHOCTbIO NOAWIHMHHKa, 3a30poM 6 H Ay. 
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He BaBacicb B NOAPOOHOCTH BbIBOLOB (*pOpMy.1 AIA ONpekeeHHA yKa3aH- 
HbIX BeJIHYHH, MPHBeeM KOHeYHbIe 3HaYeHHA CPOPMY.1, NO KOTOPbIM paccun- 
THIBAIOTCA NOMWANHAKH 3neKTpHuecKHX MamHH [1}. 

YieibHad Harpy3ka NOAMHNHUKAa (BOCIIpHHHMaeMaa eqHHuUe: nromanu 
IIpOCKILHH ONOPHOH MOBepXHOCTH BkKa_bila) OyweT paBHa 





P Aw ~ 
== ~~ DP Ke/M”, (IX.3 
Din dl 2p*Cp | / 3 ( ) 

6 “ - 3 

Tle p= —, — OTHOCHTEIbHbIM WMaMeTPaJIbHBIM 3430p; 
@ — Harpy304HaA NOCTOAHHAA NOAWHNHHKA; 

| a+ . ‘ 

C,= — KOS@PHIHEHT, YUHTHIBAIOWIMH pacTeKaHHe MaCJIa BOJb 
wanes. 


Iipu mpaxtuyeckux pacuetax NOAWIMMHUKOB 3aaHHbIM ABIACTCA auaMerp d 
H WiHHa wandp 1, Harpy3Ka P, yrioBaA CKOpOCTb @ H BA3KOCTb macula A. 
CyleqoBaTesIbHO, OTHOCHTebHbIM 


3430p MOXKHO OMpPeleIHTb 43 3 op- |  *‘Taoanna IX! 
MyJIbt (I X.3) | HaumMenbuive JOnycTHMble BeEAHYHHH fy 
| rp 4/ Dho | 
— Tun _ XXKapaxte h 
2C pp m nocayqKH BKJaqbmMma pacors TCD 1B MM 


Harpy3ogHaa moctosnHaa @ 
NOMWHNHHKa BEIOUpaeTCA B 3aBH- 








CHMOCTH OT OTHOCHTEAbHOFO 9KC- Mecrkat Amutenbuan — | 0,2 
[ | CamoycTaHaBJIn- » | 0,02 
Obl ObIIH NOTepH .Ha TpeHHe Hau- ‘Tome KparKoppemenuasn | 0,002 


MCHbLUHMH. ¥ CTAHOBJICHO, 4TO Hab- 

BbITOAHeHwWan paodota NOAWIHMHH- : oo 

Ka TipoTekaeT MpH OTHOCHTeJIbHOM aKCIeHTpUCHTeTE x = 0,3+0,7, nosTomMy 

JIA NOMYOObeMJIOWETO BKIalbiila cieq_yeT MpHHHMaTb B cpeyHeM x = O,5, 

Tipu sToM OyeT OOecne4HBaTbCA CAMbIH MAaJIbIH. KOSPDHLHeHT TPeHHA. 
SHayeHhe Harpy304uHOH NOCTOAHHOH B (YHKUHH OTHOCHTeEIbHOFO 9KCILCH- 

TpHcuTeTa x IpuBeWeHO Ha Puc. 1X.4, ¢. 3Haad OTHOCHTeIbHBIL 3a30p, MO2KHO 

ONpeeHTb JHaMeTPaJIbHbIW 3a30p 


6 = vd (IX.4) 


H HaHMeHbIy!0 TOJMMHY CMa3KH | 
hy= R—r—1=(R—N (1—z—7) = (1 —x). (1X5) 


id MWOXMIMMHAKOB KPYNHbIX MalIHH BeJIHUHHbI ho IpHHUMAaWT 110 
Ta6a. IX.1. 

3Haa hy, MOXKHO No Ta6mHUe BHIOpaTb THM MOAcaaKH BKMaypMMa. 

Kos@pHIlHeHT TPeHHA NOAWHMHHKA NOACUHTHIBaeTCA TIO dopmywe 


p=V2 Vc, (1X6) 


d — » | 
Cu-/* a f KOSPHIHeEHT, YUHTHIBAIOIIHH G6oKoBoe pacTeKaHue 


- Maca; 
Pm — YNeNbHoe JaBjenve Macaa B KT /m?. 


Horepu TPeHHA B NOAWIMMHUKe ONpesenaioTcA 43 QOulero CooTHOWMeHHA 
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Tae P — Harpy3ka Ha nogqwMnHHK B KI, 
7 — cpuraioljee TAHTeHUMabHOe YCH/IMe B MaC/IAHOM CJI0e B KD. 
CrleqoBaTesbHo, NOTepH Ha TpeHHe B NOMMMNHHKe PaBHbI 


W=9,81 pup em, | — (IX.8) 


re u — oKpyxKHaa CKOpocTh nancbpr B m/ceK. 

Pacxog MacJla B NOAMMMHHKe NOACIHTbIBaeTCH H3 YCOBHA, YTOObI Temme- 
paTypa oTpaOoTaHHOro Mac.la He MpeBocxoAua JONyCTMMBIX rpanHuu. IIpu atom 
HeOOXOAHMO, UTOObI KOJIMYeCTBO Tela, oopasyiomterocs B } ceKyHAY Hi yHocu- 
MOrO MaCJIOM, ObIIO Obl PaBHO 


W = QyCO, — (TX.9) 


Te ye — OObeMHAaA TeMJIOCMKOCTS MacJia, B cpeqHem pC = 1700 Oon/a; 
0 — Temiepatypa. a 
Cnenonatensuo, pacxoy| Maca B NOAWANHHKe 

| | Q = 17006 A/CeK. _ | (TX.10) 
Orciona npuMepRbii pacxoy MacJila B.NoyqmunHHKe Ha | Kem norepb IipH MOBBbI- 
IeHHH TeMMepaTyPE CMa3KH Ha 1d C nomyuaetca paBHbIM MIpHMepHo 2— 
5 almun. - 3 
| KouuuectBo floycacbIBaeMoro MaCJla B KJHHOOOpasylollee MpoOcTpaHcTBo 
noqmanHnKa olpefeixeTca 10 dopmyvie 


Q,= 0,015 ( ~;) nid*p cm®/cex. (LX.11) 
rae x Hp — OTHOCHTeNbHBIE 9KCILEHTPHCHTeT UH 3a30p; 
n — YXMCIO OOOPOTOB B MHHYTY; 
/u d— j,MHa HM WMaMeTp Waldpl B cm. 

Cnoco6 nojauv MaCJla JO2KeH BhIOHpaTbCA TAKUM, UTOOBI o6ecedHBasacb 
nowaua MaCJia K BXOAY B KAHHOOOpa3sHoe NPOCTpaHCTBO B KOJIMYECTBE, NOLCUH- 
TaHHOM no dopmyvie (1X.11). He pexomengzyetca ycTaHaBAHBaTb CMa304HbIe 
KaHaBKH B paOouel 30He NOAWIHNHHKa. OTBepcTHA, a He CMa304HbIe KaHaBKH, 
pacnOJOxKeHHbie B HarpyKCHHOH 30HE, Fe AaBeHHe B 3a30pe MaKCHMAJIbHO, 
CHHKaIOT HECYILYIO CNOCOOHOCTh NOAWHMNHHKA. 


' 38. KPATKHE CBEJEHHA 0 NOANATHHKAX rHAPOATPEFATOB 


NoqnaTHHKH BepTHkasabHbIXx ruapoarperaTos 


me) ycTaHaBsMBaloTca OObINHO BOIH3H potopa renepatopa, cBepxy ero 
HIM NOX HAM, B 3€BHCHMOCTH OT KOMIMOHOBKH rHyApoarperata. 

B oTeyvecTBeHHOH MpakTHKe NOANATHHKH ruApoarperata Jo 1930 r. ‘mpoek- 
THPOBaJHCbh H U3FOTOBJAIHCb THIPOTYPOHHHBIMH 3aBOaMH. B aJIbHeHIeM 
B CBA3H'C IIPHMeHeHHeM TeHepaTOPOB 3OHTHYHOLO THMa HU paciiowo*KeHveM NOL- 
NATHHKA y CTYNHIUbI poTopa OH CTad OpraHHyuecKOH uacTbio reHepatopa. [lo- 
STOMY MpOeCKTHPOBaHHeM H NPOM3SBOACTBOM NORNATHHKOB CTaJIM 3aHHMaTbCH 
JIEKT POMALIHHOCTPONTeJIbHbIe 3aBOAbI. Tako xe npakTHKy ipHep2KuBaeTca 
HM OOJIbUIMHCTBO 3apyOexKHBbIX (pupM. 

TognsatTauky cayxKaT onopod Bpaljaromuxca yacTe BePTUKaJIbHOrO rugpo- 
arperata. PoTopHad 4aCTb COBPeCMeCHHbIX BepTHKAaJIbHbIX THApoarperaToB 
MeeT OobwioH Bec. Kpome Toro, B KpPyNHbIX THApoTypOuHax HMeeT MeCTO 
6ObUIOe OCeBOe TaBJeHHe BOJbI, KOTOPOe 3aBHCHT He TOJbKO OT Hallopa, a 
Take OT pa3mMepa koueca. IlosToMy CyMMapHaa Harpy3Ka Ha NOANATHHK OT 
BeCa BpalllaloulHxXCA wacTeH KPYIHbIX rHApOTypOuH AocTuraert OO/IbUINX BeJIH- 
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uHH. Tak, HalpuMmep, oceBad Harpy3Ka Ha NOANATHHKe ruApoarperata Box- 
cxoH TOC um. JIeHHHa, CO34aHHaA 32BOJ0M «I1eKTPOCH1a» HM., _KupoBa, JOCTH- 
raer 3000. 7. | 
-TloaqnsaTHukK B TaKOH MalIHMHe ABJIACTCA BECbMa OTBETCTBCHHBIM H CHJIbHO 
HarpyXKeHHbIM Y3JIOM, IpOeKTHPOBaHHe KOTOPOTO H MDOH3SBOACTBO. ABJAeTCA 
CNOKHOH TexHHYecKkOH s3amaueH. Ha | 
puc. [X.5 noKa3aHbl CX€MbI NOANATHH- 
KOB Pa3HbIX BapHaHTOB, | | 
Ha puc. [X.5, a. Moka3aH NOAMAT- ) 


HHK IIPHMCHACMBIN JIS Mal HeOOJIb- =n 777 | Ze 4 
» Hp a | ¥ SISA , f 
; p i Pag | : N 2 ; 
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Puc. [X.5. CxemMbl NOANATHHKOB BePTHKAJIbHbIX FHAPOarperaTOB: @ — Cc MIOCKHM OMOPHBbIM 
JHCKOM; 6 — Cc BPallalonjHMHcA CerMeHTaMH; 6 — C HeMOXBHXKHbIMH CefMeHTaMH; 2 — C ABYXpsA- 
HbIMH HeNMOBHXKHBIMH CefMeHTaMH; 0 — Ha THApaBJIMyeCKOH oOMope | 


WWIHX pa3MepoB H MomHOocTeH. TlonmATHUK C NIOCKHM ONOPHIM AHCKOM OObesH- 
HeH C BTYJIKOH HalpaBJalomero nosmunHnka 2. Ha onopHbid. Wuck ONMpaercy 
CTaibHad CTyMHua NOAMATHHKa 4, HaweTan Ha Bal 6 WH 3aKpenwleHHaa Ha HeM 
WNMOHKOH WH rahkonw 5. Crynuma NOXWIMMHuKa ABJIAeTCA TakxKe HW Lanmok nol- 
WHnHHKa. OnopHEl AuCK, 3a1MTHIH OaOOHTOM, 3akpellieH B Kopmyce 3, AB- 
JIAIOIEMCA B TO Ke BPCMA HM MACJIAHbIM pesepByapoM. CHH3y K kKOpMycy 
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npHukpenjena MaciiaHad BaHHa /. MacuimHana mienKa Me@KAY ONOPHbIM HCKOM 
H cTyNHWeH OOpasyeTcaA 3a C4eT PpawHaNbHbIX KAHABOK, HMEIOMLHX CKOCHI 110 
KpaAM, KOTOpbie IIpeqyCMaTPHBaIOTCA B ONOPHOH NOBepXHOCTH AUHCKAa, 3aJH- 
Toro 6a66uTom. LlupkysIAWMA MaCJla OCYWIeECTBAIAeTCA 3a C4eT 3aCaCbIBalOlero 
eHCTBHA WeEHTpOOe@KHBIX CHA, BOSHHKAIOUNX Np BpauleHHu CTYMHMILI 4. 

Ha puc. IX.5, 6 4 6 NOKa3aHbI KOHCTPYKILHH NOANATHHKOB KpyNHbIx FHpo- 
arperaToB. B HHX OCYLIeCcTBJIAeTCA KIHHOOOPa3HbIN NOWepKHBAaIONMHH MacJA- 
HbId COHN 3a C4eT CAMOYCTAHA@BJIHBaIOUJHXCA CerMeHTOB. B BapHaHte 6 camo- 
yCTaHaBJIMBalolnecaA CerMeHTHI 6 BpalllaloTca, a B BAapHaHTe 6 CerMeHTHI 3 HeNo- 
JIBHXKHBIe. | 

B cermMeHtax CaMOYCTaHaBJMBalollerocd NOANATHHKAa OY€Hb BarKHBIM AB- 
JIACTCA IIpaBHJIbHbIH BhIOOPp TOUKH ONOPb! CerMeHTa MO OTHOWCHHIO K WeHTpPy 
IpHOKeHUA Harpy3kuH. LlenTp npHsoxwKeHHA Harpy3KH OM*KeH ObITh CMeleH 
B CTOPOHY, OOpaTHy!0 ABHXKeHHIO CEfMeHTAa OT TOUKH ONOpb! (ILEHTpa TAKECTH). 
Sto o6ecneywwBaeT HaKJIOHHOe MOJIOKeHHeE CerMeHTa H CO3aHHe MaCJIAHOH 
NJIeHKH. | | 

TlogqnsATHuK C KOJIbILOM BpalilalouluxcaA cerMeHTOB (puc. IX.5, 6) cocTouT 
3 CTyYNHUbI 4, HawkeTOH Ha BaJl 7 HW 3akpelJI€HHOH Ha HEM C MOMOL[bIO 3akay- 
HOTO KOJIbIa 5. K cTynHue CHH3y KpelHTCA CTa/ibHOe KOJIbIO 6, B rHe3qax 
KOTOpOorO Ha ocax /2 noyBelleHbl YyryHHble cerMeHTbI 8. Mexy KOJAbIIOM 6 
HM TOJIOBKaMH CefMeHTOB paciO/laraloTCcA KOJIbIeBLIe MpPyXHHb, NpHatoure 
CerMeHTaM TIpH pa3JIHUHbIX Harpy3Kax Ty WJIH HHYIO CTelleHb HakJOHAa. Onop- 
Had MOBEPXHOCTb CerMeHTOB 3aHTa OaOOHTOM. OTHMH MOBePpXHOCTAMH cer- 
MECHTHI ONHPalOTCA Ha ONOPHOe KOMbUO H3 CTaHCTOrO 4yryHa 9, KoTOpoe ycTa- 
HOBJIeHO Ha Kopmyce J. K Kopnycy kKpenaTcaA KomwKyxH 2 HU 10, co3jlaroulHe 
MaCJIAHbIH pesepByap nognaATHHKa. Lupkynaauua Mmacaa, o6ecneunparollan 
CMa3Ky, CO32aeTCA HACOCHbIM JeCHCTBHeM BpalllalwoulHxca CerMeHTOB. Jaa ay4- 
wero OXJlamwKeCHHA MaCJla MOXKeT ObITh yCTaHOBJeH MacmooxanutTelb 3. Moz- 
MATHHK OMHCAHHOH KOHCTPyKIHH, HO C ABOHHbIM PAJOM CerMeHTOB (BHYTPeH- 
HHM H Hapy2XKHbIM), IPHMeHeH WIA KPYNHbIX THApoarperaToB, yCTaHOBJICHHbIX 
Ha Yranuckon wu PrO6uncxoh TOC ua Boare. _ 

JloqNaATHHK C- Bpalilalou,MMHCA CerMeHTaMH WesecooOpa3sHo MpHMeHATb 
JIA OURHb THXOXOJHBIX MA@llIMH, Tak Kak Jake Npuv HeOObUIHX O6OpOoTax Bpa- 
[aloulHecA CerMeHTb y2Ke CO3MalOT AOCTATOUHOe NMOAcacbiBaHHe MaCJa, 06e- 
cneuHBalollee HeEOOXOAHMY!IO ero WHPKYJAWHLO. 

Ha puc. [X.5, @ M0Ka3aHa THMHYHaAA KOHCTPYKUHA NOANATHHKA C Heno- 
ABYXKHBIMH Ce€fMeHTaMH Ha BHHTOBOH Onope Ha Harpy3ky B 640 T. 

HenoJBHxKHbIH KPyMHbId CefMeHT, 3a1HTHIH OaOO6uTOM 3, Yepe3 KOJIbIeBbIC 
WHCKH (TaK Ha3bIBaeMble TOPIeBbie TapeKH) 4 ONHpaeTcA Ha ccepnyeckHe 
NOBeEpXHOCTH OovITOB 5. OnopuHbie 6oTh 5 BBepHYTHI B KOpiyc NOANATHHKa, 
pacnioJIOwKeHHbIH B MaCJISHOH BaHHe. BBeptThiBaHHemM GOOJITOB peryupyertca 
BhICOTHOe MOMO#KeHHeE CerMeHTOB. Cronop 6 npeqoxpaHaxerT OoOJIT OT NMOBOpOTa 
BO Bpema paOoThl. Ha cerMeHT onmupaeTca BpallalouiMica AuCK 2, KOTOPbIH 
3akpeneuH Ha cTrynHiue ninth J. loqnATHUK OObIMHO yCTaHaBJIHBaeTCA B KOVJIb- 
I@BOH MAaCJIAHOH BaHHe, KOTOPaA HMeeT HEMOABYKHbIH OObEM MaCJla, OX1axK- 
N@HHOTO BOJAHbIMH OXJIaHTeAMH 7. | 

Jia BhICOKHX Harpy30K MpHMeHAIOT NOANATHHKA C ABYXPAAHbIM pacnoso- 
2KeHHEM CerMeHTOB. Ha puc. 1 X.5, 2 noKa3aHa CXeMa TaKOH KOHCTPYKILHH Ha 
Harpy3ky 2000 T. Cucrema omupaetTca Take, Kak HW B OJHOPARHbIX NOANAT- 
HHKax. BepTuKaibHaa Harpy3ka wepe3 cTynumy / WM AMCK 2 Tepefaetca Ha 
CefMeHTHI 3, JeKalllHe Ha ONOPHbIX TapeKax 4, KOTOPbIe ONMpaloTca Ha cie- 
pHuecKky!lO NIOBePXHOCTb ONOPHbIx GoToB 35. OnHaxo, MOCKOJIbKY ONOpHbie 
OOJITHI BHYTPeHHETO PAA HEAOCTYNHbI BO BPeMA ZKCMyaTalluH, TO OCYIeCcT- 
BNeHO TomapHoe CoeHHeHHe CerMeHTOB HapyXHOTO WH BHYTPeHHeroO pAOB 
€ NOMOMbIO Ganancupa 6. PeryaupoBkKa Harpy3kH, lpuxog_amelica Ha O6a 
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CerMeHTa lapbl, MpOH3BOAMTCA GoJITOM Hapy2KHOro cerMeHTa. Pacnpefejenve 
Harpy3KH M@Ky BHYTPeHHHM H Hapy2XHbIM Ce€lMeCHTaMH [lapbl MpOHCXOAKT 
No 3aKOHY pbl4ara nNepBoro pona. : 

Banancup 6 onnpaeTtca Ha IWIMHApHueckylO NOBepXHOCTb ONOph 7, 
Jliuna Wie OalaHcupa MponopwhOHabHa WIOWa_W CerMeHTOB HapyXHOTO 
HM BHYTPe€HHero PAOB, 4eM OGecMe4yHBaeTCA OMMHAKOBOE yAesIbHOe AaBJeEHHe 
Ha BHYTPpeHHHH H Hapy2KHbIH CerMeHTHI. 

Ha puce.1X.5,0 noka3aHa CxeMa KOHCTPYKUHH NOANATHHKAa Ha OosbIUIMe OCe- 
Bble Harpy3ku (> 2000 7) u BhIcoKHe yAeAbHble AaBCHHA Ha PHApaBsMyecKkon 
onope, oG6ecneyHBalolleH aBTOMATH¥eCKOe BbIPABHHBaHHe Harpy3KH MexK Ty 
cerMeHTaMH. B sTOH KOHCTPyYKUHH ONOpHbie BHHTH 5, Ha KOTOPbIX pacnoJa- 
raloTcad CerMeHTEI 4, BBEPHYTHI B BEPXHIOIO YaCTb 31aCTHYHBIX KaMep-lan 6, 
3allOJIHCHHbIX M@CJIOM HO, .aBsJeHHeM. CerMeHTHbI 3feCb BbINOJIHAIOTCA JBYX- 
CNOHHbIMH C TOHKOM BepxHei YacTbIO 3 H MaCCHBHOM noxyuiKon 4. OnopHor 
-Tapeku Het. Crynuia nate / yepes yuck 2 onupaetca Ha cermeHTbl. Ilognat- 
HHKM C TFHApaBsMYecKoH OnopoH paGoTaioT Mp yebHOM AaBeHHH 50— 
70 KI'/cm?. Ja NOANATHHKOB C BhICOKHM YACAbHHIM JaBJICHHeM B CBA3H C TA- 
2KEJIBIMH YCJIOBHAMH ero paGOOTbI Np MycKe arperata CTaJiId MPpHMeHATb NpH- 
HYAMTeIbHYIO HOMayy MaCJla K TpyWlMMCa NOBepXHOCTAM Mepeyx nycKoM. Macsio 
nmogaerca ox AaBsenHem 35—45 xI°/cm? oT cnewvalbHoro Hacoca no Tpy6o- 
IIpOBOAy wepes paWabHHIe CBepJeHHA B CerMeHTaxX K HX paOouHM ToBepx- 
HOCTAM. . | 

KomHuecTso CerMeHTOB B IIOANATHHKe 1pHHuMaetca or 6 no 12. OrHomienue 


| L 
AJIMHbI K WIHpHHe CerMCHTa NPHMeCHAeTCH OKOJIO CAHHHILbI R~ I. 


TloqnaTHHKM C CaMOYCTaHaBJIMBalollMMHCA HeMOJBHXKHbDIMH CerMeHTaMH 
HMelOT Oovlee MpOCTYyIO KOHCTPYKIHH, pole B NPOHSBOACTBe, Aerue B Haake, 
YeM NOANATHHKH C BpalialoulMMHCaA CerMeHTaMH. B HeKOTOPbIX KOHCTPyKIUHAX 
NOANATHHKH BbINOJIHAIOT BMeCTe C HalpaBJIXIOWHM NOAWMMHHKOM. Tipu sTOM 
OOMIMHO CTYNHIAa MATA! MCMOJb3SyeTCA Kak anda NOAWHNHHKa. 


MoANATHHKH FOPH3OHTAIbHBIX rH ApoarperaTos 


TloqnaTHHK y YTOpH3OHTasIbHOrTO THApoarperaTa WpelHasHayaeTca MIA 
BOCIIPHATHA THApaBsMYeCKOrO OCeBOTO yCHJIHA, AeMcrBylomlero Ha paOouee 
KONIeCO pH MpoTeKaHHH 4epes Hero NOTOKAa BOAbI. OObIYHO OCeBOe yCHHe 
HalpaBJIeHO MO JBH2XKCHHIO BOLI, HO B Mpolmecce peryHpOBaHHA BO3MOXKHO 
M3MeCHeHHe eFoO BeJIHYHHBI HW HallpaBsenua Ha.180°. [lostomy mMoaNATHHKH ropu- 
ZOHTA4JIbHBIX THApoarperaTOB JOJKHbI ObITh AByCTOpoHHero yehcTBua. Ha 
puc. I1X.6 npegctaBseH Tako NOANATHUK KOHCTpykKuHH XTI3, ycraHoBwJeH- 
HbIM Ha TOPH3OHTaJIbHOM KalICyJIbHOM arperarte. : 

Kopnyc nognatHuka / ommpaeTca CBOHMH @iaHUMH (He yKa3aHHbIMH Ha 
pHcyHke) Ha ONOpb! B KOJIbIle KOMYyXa. BuyTpu Kopllyca pacnoJlaraeTca ONOp- 
HbId rpe6eHb 2, KOTOPbIM C MOMOMLbIO UINueK 3 IpHKpemieH K Bally 4 H DUK- 
cupyetca witudtamu 5. C npaBoh CTOpOHbI TpeOHA pacio/O*KeHbl MpAMbIe 
CerMeHTHbIe ONOpbl 6 Ha pbIdaxKHOM yllope 7 H C JeBOH CTOPOHbI — oOpaTHble 
CefMeHTHbIe ONOpbi 8 Ha IpyKHHHOM ynope Y. [loBepxHocTb TpeHHA CerMeH- 
TOB 3aMTa 6a66uTOM. C THIJIbHOH CTOPOHbI B C€fMeHTbI 3aJIOKEHbI ONOPHbIe 
nozywukn JO c wuaMH_pHueckuMu ynopamH //, OMHpPalOWLHMHCA CBOHMMH IIJIOC- 
KHMH OCHOBaHHAMH Ha cibepuyeckue onopp /2 nepBoro pxya pHuaros 7 WH- 
JIMHIpHyeckoH onopp //, pacnomomweHHou OM%Ke K BbIXOAHbIM KPOMKaM Cer- 
MeEHTOB, 4YTO OGecneuHBaeT CAMOYCTAHOBKY CerMeHTOB. 

PaBHoMepHoe paciipeseteHve Harpy3KH Ha CerMeHTH, BOCIPHHHMAaIOUIHe 
IipaMoe oceBoe aBeHHe, OOecnedHBaeTCA CHCTeMOH pblaaroB, OOpasyloulHx 
3AMKHYTbIK KOHTYP pbl¥amxHOrO ynopa. Prruaru Broporo pxgza c 3anmeqwd4KaMu 
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OllHpaeTcA MO CBOHM OCAM Ha ONOPhI, 3aJIO2%KeHHbie BO BHYTpeHHeH OGoHMe 13, 
a pbidaru nepBoro pxa, HeCylHe CeFMeEHTHI, ONHPaIOTCA CBOMMH 3allJleuuKaMH 
Ha 3alJieqHuKH ABYX COCceAHHX pHaroB. O6a pxda ppluaroB. ycTaHaBJIMBaloTcA 
B KOJIBILEBOH PacTOuKe OOOHMbI H yep KHBAaIOTCA OT IPOBOPaYHBaHHA CBOHMH 
XBOCTOBHKAaMH, BXOJAULMMH.B pawHaJIbHble 1a3bl OO6OWMbI.. Ppraaru YaepaKH- 
BaloTCH OT BbINaeHHA CTONOPHBIMH MOMYKOJbiaMH. — 

YNAOTHEHHE MaCJIAHOH BaHHBl OCyIecTBAAeTCA ycTaHOBKOH WiaBarolulux 
JaTYHHBIX. YIJIOTHUTe/I bHbIX kouen Ha BHYTpeHHeH pacTouke oGoHMpI. Maco 
TOABOAUTCA B HH XKHIOIO MOJIO- 
BHHY BaHHbl Yepe3 OTBepCcTHA 
B KOpIryce, a OTBOAHTCH 4epes 


gas ee AL one repack novo 


fo 8 





ge 1) 1. - 
TA WY) re IlopsxyoK pacueta nownmsAT- 
ian a We HHKa IPH 3aaHHOH Harpy3Ke 
a / Wei *# P w ckKopocTH BpameHHA n 
TAM, i 


3 < Yj — (06/mun) cexyIoulni. 

g ep The sy 1. Samarorcs yqebHbIM 1aB- 
| ia fit AL DLL “ JeHHeM B mpeenax p = 20+ 

40 xl icm?. 


& 























a. 


NA 


NY 


| 

s | B nocw1eqHHux HOMMATHAK AX 
' a , JWI YHHKAIbHEIX ruypoarpe- 
: Hy | fi OCeBOH Ha- 
ae en 
Eo Vj, Pa x ' ss M@HTOB 2, BHYTPCHHUM JMamerT- 
ee iS Yj Y ae ( pom ux pacnonoxeHua D,, 
dit Y Y NESS ls OTHOM€HHEM JWIMHbI K WIMPHHe 

= ALLA EEL WAS VY, a 


L es 
cerMeHTa —- — | w BeIHUHHOK 


3a30pa Mex*Ky CefMeHTaMH B 
mpenenax 0O,1—0,15 amupl 
OKPYKHOCTH. 

fo Mf 12 73 | 3. TloscuuTpipaioT HapyxX- 


HbIM MamMeTp CerMeHTOB D, m0 
- Puce. 1X.6. Tlognaraux ropusonTanpHol TypOHHEI (bopMyue 


7 


A 
a 
—\ 


” als WEARS 


; 
X 


4P 


D,= VV De+ (IX.12) 


roe k = 0,9+0,85 — Kosdhdulnent, yIHTHIBAIOLHH 3a30p Mex Ty CerMeHTaMH. 
4. OnpeenAioT CpeTHIOIO OKPY2XKHYIO CKOPOCTb 


_ ~ (Dxt+De) nn | 
U== 1 3 — + = alcek. ([X.13) 


5. OnpelenaioT TOUbeMHYy!O cuuly cerMeHTa Ha e/MHHILY WIM PHHEI cer- 
MeHTa 


pi= — KI /cm. (1X.14) 


6. OnpexenstoT KoaspiPpulveHT TpeHua m0 cbopMyue, NomyYeHHOH 3 TeO- 
pHH JByXpa3MepHOro TeyeHHA CMa3kKH, 


Au \1/2 | 
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rie A — BA3KOCTb Maca: 


| L 
H — - Kos(hipunwent KacaTeJIbHOrO yous, saBucaulii OT “OTHOMIeHHA zr 


he 


a oTHOMIeHHA Ta? xapakTepu3y omni HaKJIOH CerMeHTa (hy — 
TOJIMIHHAa CJIOA-CMa3KH Ha cOeraioulen Kpomke; ho — TO *e Ha , Habe- 
rarer | KpoMKe cermenTa), 


Homnpeccopuoe JI 
HomnpeccopHoe M 






a, KFom/m® 


Q 10/29] 30 i HE 
“ Typ6uxnoe M 


bo 
0 02 04 06 08 40 42 14 16 18 208 TypOunnoe A 


Pue. 1X.7. Pacuerubie nocrosHHuble nNoaAnAat- Puce. IX.8. BasxKoctp MaCJla B 3a- 
BHCHMOCTH OT TeMIep aTypbI 





HHKa JIA he = 2 
hy 


7. TloqcuutTprBaerca paoora Tennis (Ha Bce cermeHTE!) 10 ‘bopmyte ( IX. 8) 
WV = 9 Ol pup em. . 


8. KomwuecTBo cMa3KH, MOJCUHTEIBaeMoe Ha BXOJHOL KPpOMKe (Ha BCce 
Ce€TMeHTHI), ONpeqemaetcA 10 Mopmyvie . OS 





Q = z100uL BV; (so0 at y" cm?/ceKk, | (IX.16) 
00p, | 

rye V, — kooppunnext pacxoma CMa3KH. 
9. Tlopnumenue Temnepatypbl CMa3KH oMpesenaerca 0 tbopmyvie (IX. 9) 


— W 1 
yClQ° 


10. OnpezensioT no dopmyute (1 X.2) TOJIMAMHY COA CMa3KH Ha c6eraiomteli 
KPOMKe CerMeHTa — 
Au 


hy L V 6T "100p, 


MM, 
rye T — kosdpbunheHT NOAbeEMHOHM CHIBI. 

Benuunna fh, 7OnKHA ObITh Gombe H,,,- 

Al TOMMATHHKOB C CaMOYCTaHaBJIHBalOllHMHCA CerMeHTaMH B KayecTBe 
Oe30NacCHOH BEIHMYHHbI AONyCKaeTcA: AIA YYTyHHbIX CeETMeCHTOB Ain = = 0,05 mm; 
JIA Ce€TMCHTOB, 3aJIHTHIX 6a66uTOM, A,,, — 0,03 mm. 

Il. Paccrosune OT TOUKH NIpHOKeHHe PaBHOeKCTByIoOMleH WaBIeHHA 0 

D D 
cOeratomleh KpOMKH 0 cpeHel OKpyxXHOCTH ase NOACUHTHIBAeTCA 10 
dopmyue | | , 
FO Xp = XpL mo. | (1X .17) 
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hy 
Ha puc. 1X.7 npHBeNeHE! pacueTHble MOCTOAHHbIe NOANATHUKA WIA 7; = 
1 


OL 
— 2 B 3aBHCHMOCTH OT OTHOWeHHA +p NO WaHHbIM 3aBoa «OmeKTpocu.a» 


uM. Kuposa, rye H — koadulwenT KacaTenbHoro ycunua; X, — Koa puun- 
CHT OTHOCHTeEJIbHOFO paCCTOAHHA TOUKH NMpHJIOKeHHA PaBHOMeHCTByIoOUlero 
J[aBJIeHHA. 

Ha pune. 1X.8 noka3aHo 3HayeHHe BASKOCTH PasHbIX COPTOB Maca MpH pas- 
NMYABIX TemMnepatypax. 


4. HAMPABJAIOWIME NOAWHAHHKH FHAPOTYPBHH | 
C MACJIAHOA CMA3KOR 


Hanpasrsomue NOJWHNHAKH BePTHK JI bHbIX rHpory p6uH ClyKaT AWA 
NowlepxKaHuA B CTpOroO BEPTHKAI_bHOM NOMOKEHHM Bala arperata Mu A BOC- 
IIPpHATHA yCuaHH poropa, KOTOpbie MOryT NOABHTbCA BO BpeMA pa6oTHI. 

a) Ha pue. 1X.9 noka3anbl NpHMeHABLINeECA 
pahee Ba BapHaHTa NOQUIHMHHKOB Cc MaCJlA- 

HOH CMa3KOH. 
dy Ha puce. IX.9, a noKka3aHa CX€Ma KOHCT- 
PYKUHH C 2KHAKOH MAaCJIAHOH CMA3KOH Bep- 
THKabHoro Basia J. [loqmMnHuk cocTOuT H3 
@ kopnyca 4, B KOTOpOM 3akpemiaetca pa3b- 
CMHBIM BKJajbilll 9, 3aHTbIa O6Oa6OnTOM. 
Cpepxy Ha Kopnyce ycTaHaBJIMBaeTCA Bepx- 
HAA MaCJIfHad BaHHa 7. CHH3y K Kopmycy 
KpeluTcaA MaCJIAHbIM peseppyap J. B BepxHen 
BaHHe MaCJIO Ha ONpeeJICHHOM YPOBHE KOHT- 
pOJIMpyeTCA MaCJIOCJIMBHOH TpyOKoH 8H No- 
| lJIaBKOM (He MOKa3aHHbIM Ha cxeme). Maco 
Puc. IX.9. Cxema Hanpasnmomux "POT€KaeT MO CMa304HBIM KaHaBKaM BKJIa- 
NOAWHNHHKOB TYP6HH Ha MaciAHOH AbIUIa H alee CTeKaeT B HHKHHH pesep- 
cMaske By ap, JIA 4ero Ha Bally MpelycMaTpHBaertca 
MaCJIOOTp axKaTeIbHOe KOVIbILO 2. M3 HuxKHErO 
pesepByapa MacjIO NowaeTca BBepxX NO Tpy6onpoBoyry 5 npu NomMomu Hacoca 6, 
KOTOPHIH OObINHO HMeeT 3YO4UaTHIH HH QPHKUHOHHBIH NpuBOA OT Bawa. 
@MpHKIUHOHHHIH NpHBO SGomee WemecooOpa3sHeH, Tak Kak MO3BONIAeT MpoHs3- 
BOAHTb BKJOUeCHHe HM BbIKMIOUCHHE WHPKYJAWHOHHOrTO Hacoca BO BpemMaA 
paOoTh TypOuHbI 6e3 OCTaHOBKH ee. YCHINe, HEOOXOAMMOE LIA paooTH! Mpuk- 
IIMOHHOH Nepeyaun, co3sqaeTcA Npy2xKuHHOH. B sTHx Cay waax 3yOuaTbin Hacoc 
yCTaHaBJIMBaeTCA Ha KPOHIITeHH, NPHKpeneHHbIa B BepxXHel BaHHe. Y HaNpas- 
JIAIOWLHX NOMWHIHAKOB KpyMHbIX THAPOTypOnH OGKIGHO pelycMaTpHBaeTca 
pesepBHBIH MACIAHbIH HaCOC C 3€KTPOMOTOPHbIM MPHBOOM, BKOUAaIOUHMCA 
B padoTy B cayuae HapylleHus HOPMAJIbHOH WHPKYJIAWHH HW NOHHKeHHA YPOBHA 
Maca B BepxXHei BaHHe HHxKe JONycTuHMoro pegzeia. MmMnyibe Ha BKIOVeHHe 
MOTOpa Hacoca B 3STOM CJlydae NOydaeTCA OT ClelHalbHOrO MpexyCMaTpHBae- 
MOrO B BepXHeH BaHHe MOMMaBKOBOFO yYCTpOHCcTBa C KOHTaKTaMH. OTOT Ke pe- 
3ePBHbIM Hacoc BKOUaeTCA B paooTy Mepey myCKOM TYPOUHbI HW NepekKayHBaeT 
MaCJIO H3 HH2KHELO pesepByapa B BepXHI0lo BaHHY JO HOPMAJIbHOTO ypOBHA, Tak 
Kak BO Bp€MA OCTAHOBKH Ty POMHEI MaCJIO 110 3a30paM B NOMA NHHKe CMHBaeTCA 

B HW2KHHHM pesepByap. 

Jina CMa3KH NOJWHNHHKa O6bIUHO MIpHMeHAeTCA MaCJIO TOM 2Ke MAPKH, 4TO 
MH JIA CHCTeMbI perysHpOBaHHA, T. e. TypOuHHOe JI. - 

Jia TekyljeH OUNCTKH Macyia (B TepHoy, paooThi TypOHHbI) B UWHPKYAAWHOH- 
HOH CHcTemMe HacoCa O6bIMHO MpexyCMaTPHBaeTcA CUJIBTP, COCTOALLHH H3 KOp- 
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yca MW BTYJIKH C C€TKOH, KOTOpand NepHoguyecku ounuaeTca. II]pHuem ouncTKa 
(pHIbTpa B HavaIbHbIh NepHod IKCHyaTalMH TypOuHbI MpOw3sBOAHTCA Ooee 
yacTo, 4eM B MOCelyiolluh, TaK Kak NpW NepBOHAaYaIbHOM NyCcKe TyPOHHbl 
(loCé PeMOHTA, PCBH3HH) BOSMOMKHOCTH 3arpASHeEHHA MaCJla Oowlee BEpOATHA, 
4ueM TIPH HOPM@AbHOH JKCIVy aTallyn. | : 

B HeKOTOPbIX KOHCTPYKUHAX MOWWIMNHHKOB, paOoTalolliMx B MOBBbILLICH- 
HbIX TeEMMepaTy PHBIX YCIOBHAX (KaPKHH KIHMAT), MpelycMaTPHBaeTCA OXMAaXK- 
jeHve Maca B BepXHeH BaHHe C HOMOLLbIO 3MeeBHKAa, MO KOTOPOMy WHPKYVJIH- 
pyeT XONOMHaA BOLa OT TpyOonpoBofa TeXHH4eCKOrO BOMOCHaAOKeHHA. 

OxmaxkleHHe MeCla CuleqyeT MPpHMeHATb JIMMIb B KpaHHHX CJydaAx, Tak 
KaK OHO YCJIOKHACT 9KCNAyaTalvio WH HHOra NPHBOJHT K BbIHYKJCHHbIM 
OCTaHOBK@aM MAIUHHbI BCJIECTBHE NOMaaHHA BOAbI B MAaCO NOAMWIHNHHKA. 

Jia KOHTpOIA paOOTbI NOAWHNHHKAa H3MepHeTcA TemlepaTypa ero BKMa- 
JibILLa C MOMOLLbIO TEPMOMETP a CONPOTHBJCHHA, Jalollero BeJIHUHHY TeEMHep ary pbl 
6a0OKTOBOH 3aIMBKU, H TEMMOBOFO pele, CHTHAIH3HpPyloulero NPH NOBbILCHHH 
TeMiepaTypbl AO onpefenenHoh sBenuyHHbl. TloqmHnnukw c HeMOXBH2KHbIM 
HHKHHM pe3epByapOM IIPHMeHAIOTCA MPH BbICOKOOOOPOTHBIX MaliMHax. IIpu 
TYPpOHHaX CO CP€HHMH HH3KHMH OGOpoTaMH Oosee esecoo6pa3HO HH2KHHH 
pesepByap KpenuTb Ha Bawly TypOHHbI, Kak NOKa3aHo Ha cxeme puc. IX.9, 6. 
B 9TOM cayuae HHKHHH pesepByap GyJeT BpalllaTbca BMecTe c BaOM J. Bpa- 
UlaloljvHca pesepByap 2 BLIrodHee TEM, UTO MOXKHO NOJYYHTh y BParlalomleroca 
BMecTe C HHM MaCJia JOCTaTOUHbIM Hanop AIA OTBOAA ero HO CHelHaJIbHbIM 
Tpy6KaM 3 B BepXHIOW BaHHy. ITH TpyOKH, MOMeLNeHHbIe B HHKHHH Bas, HMCIOT 
OTOFHYTHIM KOHEI, HallpaBJIeHHbIi B CTOPOHY MpOTHB BpalleHHA Basa. 


Kopnyc noxwHnnnka 


Ou BHINONHAeTCA OObIUHO B BHC pasbeMHOH YyryHHOH OTMHBKH KOpooua- | 
TOH opmMbl. KojMuecTBO CerMeHTOB efO yCTaHaBJIHBaeTCA B 3aBHCHMOCTH OT 
pa3MepOB MOMMMNHHKa WH TeEXHOMOrHYeCKHX BO3MOXKHOCTeH 3aBOJa-H3FrOTOBH- 
Tena. Kopnyc NOAWHNHHKa 3a- | : 

KpenaeTcA C MOMOULbIO daH- . Ta6auna IX.2 
ia Ha Kpbillike TyPOHHBI H cre- 3asophl B GaGGNTOBLIX NOAMWHNHHKAX | 

WHaJIbHbIX YCT@HOBOUHBIX BHH- ) 
TOB. Bo BHyTpeHHeH pacTouke 





J\HaMmeTp BaJia 3asop. || Jimamerp pana] 3as30p 
Kopnyca 3akpenaaeTcaA c no- B Mi B MM BM BM 
MOLLbIO (lalla pasbeMHbIH Yy- | | 
rYHHbIM BKJablll, 3amtHTbin - | 
BHYTpH 6a66uToM. Onpit 3Kxc-- | 80—120 | 0,08— || 500—630 0,2— 
nyaTaiHH HalpaBasiomAx | 0,19 | 0,31 
NOJIUHMHAKOB MOKa3biBaeT, UTO 120—180 0,1— 630—800 |. 0,23— 
B CBA3H C SKCICHTPHUHEIM OJI0- 0,16 | 0,85 
XKCHHEM Bala I10 OTHOLICHHIO 180—260 0,12— 800—1000 | 0,26— 
K NOAIUHNHHKYy Wesmecoo6pa3Ho 0,18 0,41 
OCYINECTBIATb BO BKJIaJbIMe | 260—-360 0,14— 1000—1250 | 0,29— 
TOJIbBKO OCeBbLI€ CMAa3OUHbIe Ka- 021 | 0,45 
HaBKH H He JlelaTb ropH30H- 360—500 o, oe 1250—1600 032 


TAJIbDHbIX KOJIbIIeEBLIX K@HABOK. 
JIA 3a1HBKW BKlabilen pa- 
Hee IIPHMe€HAJICA BbICOKOKaYeECTBCHHbIN OaOOUT C BhICOKHM COJepxKaHveM OJ0Ba 
(B83), ofHaKO ONbITOM SKCIyaTalHn ObLIO yCTaHOBJIeCHO, YTO MOXKHO ycnewiHO 
IIPHMCHATh O6a6OuT C MaJIbIM COJepxKaHHvem OvoBa (B16). 

B uyryHHOM BKJaybiie HeOOXOJHMO TpeylyCMaTpHBaTb CMeMMaJIbHbIe 
Wasbl THA «1aCTOUKHH XBOCT», KOTOpPble OGecie4uHBaloT HajlexwKHoe CoesMHeHHe 
6a66utTa c BKalpmiem. [locayka BK1ayqbilaB KOpIyc MOKET OCYIMeCTBIATbLCA 
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C MOMOINbIO WHIHHApHuecKOH WIM KOHHMYeCKOH pacTouKH. Kaxkyan H3 HUX 
HMCCT CBOH TIPeHMyllecTBa MH HeZOcTaTKH. [IpHMeHAIOTCA OHH JOBOJIbHO IM pOKO. 
JLocTOHHCTBa KOHHYeCKOH HaCaKH 3aKJOUaIOTCA B JIETKOCTH OCYIMMeCTBJICHHA 
MOHTaKa H Je@MOHTaKAa, B OTCYTCTBHH HeEOOXOJHMOCTH NOMyYeHHA OObOL 
TOUHOCTH TPH OOpaboTKe aOcOJIOTHbIX Pa3MePOB JHAaMeTPOB, B CPaBHHTeJIbHO 
JerKOM peryJIMpOBaHHu JHameTpa noAWiMnHHka nyTem ero nepeMelleHuA TIpH 
HaIH4UHH TpOKIaqoK B CTbIKaX. 

TIlpokmagqku OObI4HO ycTaHaBJIMBaloTcCA pasHOH TommHHE (0, 5—1,5 MM). 
K HejocTaTKaM 9TOrO COeJHHEHHA CJleqyeT OTHeECTH CJIOXKHYIO TEXHOJOrHIO 
H3POTOBJICHHA, HEOOXOAMMOCTb py4HOH MPHTOHKH (Wa6poBKu) OobmUIuNXx N0- 
BepXHOCTeH, HEJLOMYCTHMOCTb 3a30pa B COeJMHEHHH. | 

CoeqHHenve BKabliila C KOPITyCOM C NOMOLLbIO WHMHApMyeckonr pacTouku 
OCYILECTBIAeCTCH, Yale BCero Ha CTYNCHYATHIX WHAHHAPHYeCKHX NOACKAaX KOUIN- 
YeCTBOM.OT 2 110 4 WITYK B 3aBHCHMOCTH OT pa3sMepoOB NOAMMNHUKA. | 

JinuHa Oa66uToOBOrTO BKJaqbilla MpuMeHxeTcCA B HacTosiee Bpemal He 
6onpue WMametpa Bana, / = (1,0,+0,8) d. 

Sasopbl MEKTY BaJIOM HM OaOOHTOBbIM BKJIaJbIILIeM nOAMMMHUKA, 110 JJAHHbIM 
pa6oTaiollux TypOuH, yKa3anb B Ta6n. I[X.2. 

BepxXHaAA HW HH KHAA MACJIAHbIe BAHHbI COCTOAT B 3ABHCHMOCTH OT pasMepoB 
H3 JBYX HJIM YeTbIPeX UacTeH, KOTOPble COeAHHAIOTCA Mey COOOH OovTaMu. 
CoeyquHeHve “acTeH MaCJIAHOKW BaHHb! W NOAWMNHUKAa JOJKHO MpOH3BOJUTbCA 
C MpoOKwlaqKaMH, 4TOOI OOeCMe4HTb MIOTHOCTH, rap aHTHpyrOuLy10 orcyTcTBHe 
mpoTeyek macwia. 


Camocmasbisaroujuecs NOWHANHAKH 


B rupory pOocTpoeHun NOJYUHIH MpPHMeHeHHe CaMOCMAaS3bIBaIOlHeca 
HallpaBIAIOMlHe NOAMWHNHAKH. Takada KOHCTpyKuMA tbupMpl «Hoxa6» nmoka3ana 
Ha pHc. iK. 10. Bxaaneu / NOJWHNHHKa HHKHHM KOHILOM YCTaHOBJIeH B Ma- 

| CJIAHOM pesepByape 2, BPalllarollleMCA BMECTE | 
Cc BaJIOM. Bpamarouniica pesepBy ap Bpailaer 
MaCJIO, KOTOPpOe HoMaaeT B HECKOJIbDKO Nps- 
MOJIHMHEHHBIX BCACHIBAIOWINX KaHaJiOB 3, Ipo- 
CBePJICHHHIX B YTOJIMICHHOH HH2KHeH WaCcTH 
Kopnyca NowMnHukKa, HW alee mocTrynaet 
K Bay 3a C¥eT aBJICHHA, CO3aBaeMOro LleHT- 
poOexKHbIMH CHJIaMH. YPOBeHb Macyla BHYTPH 
BKNalblila MOMMIMNHAKAa pH 9TOM MOBBI- 
-maetca. MacJIo npoxogquT NO KaHaBKaM, Ha- 
peSaHHbIM NO BHHTOBOH JIHHHH, HW Nonazaer 
-B KOJIbIeBOH «KaHal» 7 B BepxHeH uaCcTH 
 ‘BKlayqpinia. JLanee Maculio nocTynaeT B yKa- 
- 3aT@JIb PacxOa Maca 5, a 3aTeM B BEPXHI010 
HeNMOJBHXKHYIO MAaCJISIHYIO BaHHy 6, B KOTO- 
poH Momemlaetca 3mMeeBHK 4 WIA OXMaxKJe- 
HHA. M36nIroK Maciia NO CJIMBHOK TpyOKe (Ha 
cxeme He BHAHO) NocTyMaeT OOpaTHO B Ka- 
Mepy 2. | 

: Ha puc. IX. 11 noka3aH Npumep apyroii 

Pac. 1X. 10. joxema eee KOHCTpy KIM CaMOCMa3bIBaloleroca NOMMHN- 
wt ouput cHoxaG> - HMKa, TipHMeHAemMoro B TOCAeHHX KOHCT- 

: | PyKUHAX OTeYeCTBEHHbIX THApPOTypOHnH. 

Tlonmunuux aia Bana d = 900 wm c 8 cTaJIbHbIMH C€rMeCHTaMH 2, 3aJIMTHIMH 
6a66uTom B16, pacnosoxen B KOpnyce 5, yCTaHOBJICHHOM BHYTPH KPbIIUKH 
TypOuHHI. PeryJIMpOBKa -cerMeHTOB IIpOH3BOXHTCA BHHTaMH 3. Jina CMa3KH 
lipHMensetca Maco Typ6uHHoe YT. [lpexycmMaTpuHBaeTca oxmaKaenHHe Maca. 
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Jina sTOrO y KpbIlIKH TypOHHbI HMeIOTCA OTCeKH 9, CBA3aHHbIe TpyGamu 10 
c BaHHaMH 4 u 6. Tipu BpamleHHH Bala MaCJIO, 3a1HTOe B HHXKHIOIO BaHHy 86, 
OnaroqapA WeHTpo6exHOMy appekTy HocTynaeT Yepe3s pawnaJIbHble OTBEPCTHA 
BHHKHeH 4YaCTH HallpaBAlomero Mosca J, OMbIBaeT CefMeCHTHI H NOHHMaeTCA 
B BepXHIOIO BaHHy 4, 3aT€M OHO CTeKaeT B XOJOIMJIbHHIM KapMaH 9, OTKYa 
CHOBa NOcTylaeT B HHXKHIOIO BaHHY 4. KOHTpOb TeMNepaTypbi OCyIMecTBAIAeTCA 
BYMA TepMOCOMpOTHBJIeCHHAMH H JBYMA TePMOMeTPaMH-CHTHAaMM3aTOpaMH, 
a YpOBeHb MaCJla — MOMMaBKOBbIM peste. JLiA 3alUTbl NOMWHNHHKA OT 3aTON- 
JI@HHA BOON MeKAy HENOABHAKHOM KPbIMIKOH HW BpalllaloulLuMCA BaJlIOM yCTaHaB- 
| | , 2 4 | a 
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Puc. I1X.11. Hanpapasiouyii noxmMnHAK c MaCaAHOM cMa3KoOH, CaMOCM€SBEIBaloln nica 


Sha a th en hiesteliedien itech 












JIMBaloTcA AAOMPHHTHHle yumoTHeHHA J] WM TOPWeBbIe pe3sHHOBbIe ynvloTHeHHA 12. 
J\JId P€CMOHTa HM YNJIOTHEHHA TPH OCTAHOBJICHHOH MA@llIHHe, CCIM BOKPyr KO- 
eca HaXOJUTCA BOLa Ip BBICOKOM HH KHeM Obedbe, IpexyCMOTpPeHO 3anopHoe 
KOJIbILO 7, C PC3SHHOBLIM HIHYPOM, MOJKHMAeMOe BOCEMbIO PYYTHBIMH JOMKpPa- 
TaMH 6. , ee oo . : | , 


TloqwunnHHK c rycToH cma3kon 


HampaBsatomuh NOAMWHNHHK CO CMa3KOH TyCTBIM MaCJIOM HHOrla IIpHMe- 
HAeCTCA B KOHCTPyKUHAX rHyApoTypOuw (puc. 1X.12). Bkaagpm 2 3anuT 6a6- 
OuTOM. Ceepxy HW CHH3y pacnowomKeHbI rpeOeHuaTble ynoTHeHHA 3. CBepxy 
pacnoyoxkKeHa BOJAHaA BaHHa 4 w ynOoTHeHHe 5. B BOAAHYIO KamMepy NOBO- 
WMTCA BOA, KOTOPaA CMa3bIBaeT HW OXMAaKLaeT yNJIOTHEHHE. oe 

B TakoM NOMMMMHAKe MaCJIO NOABOJNTCA B CpeAHIOIO UaCTh NOAMWHNHUKA 
no TpyOonpospony / u faslee B HECKOAbKO TOYeK MO OKpyxXHOCTH. Macao mpo- 
aBJIMBaeTCA B BEPXHIOIO 4WaCTh NOAWMNHNKA. CucTeMa HenpepbIBHOH nozauH 
CM43KH TIOAMMMHAKAa BKMIOUaeT HAFHeTATeJIH, KIaANaHbl H NOAWBOAAUHe .Tpy6o- 
npoBpoys. HarveTateib oObI4HO NpenCcTaBaAeT COOOH NopwiHeBOH Hacoc. B Ta- 
KOH KOHCTPYKIHMH HCHONb3OBaHHOe MACJIO yYHOCHTCA BOZOK. CileqOBaTeIbHO, 
TpeOyeTcA NOCTOAHHBIN pacxo{, Maca, KOTOpOe B HEKOTOPOH Mepe 3arpxA3HAeT 
BOJY. | _ / a 

Pacxoy MaCJla 3aBHCHT OT pa3MepOB NOJIMMNHHKOB. OH MOXeT COCTAaBATb 
HeECKOJIbKO KHJIOTPaMMOB B Je€Hb. CmMa3Ka lyCTbIM MaCJIOM He OG6ecteuHBaeT 
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XOpoumlero OTBOJa TeMa, MOJTOMY MOKET BOSHHKHYTb HEOOXOAHMOCTH CIEL ab- 
HOrO OXJaKICHHA BKMabllla NOAWMNHHKa. Takoe oxJiaxKeHHe MOMKET Ocy- 
UECTBAATbCA BOOK, npoTekaiomen yepes pyOaliky NOdWuNHHKAa NO Tpy6o- 
MIpOBOAy H3 CiHpabHOH KaMepbl TypOuHEI 6. 

HeyocTaTKOM HanpaBJAIoWlero NOAUIMIMHHKAa C KHAKOH MaCJIAHOH CMa3KOH 
ABNIACTCA HEOOXOAHMOCTh OOAZATEJIDHOTO NPHMCHEHHA CleUvaIbHOrO yMVJIOTHE- 
HHA. [loqwMnHHK pacnowlaraeTca Ha BaJly B HeNocpeyCTBeEHHOHM G6/IH30CTH OT 
NpOTOUHOK YacTH TYPOHHHI, Yepes KOTOPy!0 HEMpPepbIBHO MpOXxoAMT (YacTO NOY 
BbICOKHM J[aBJIGHHeM) OOJIbLEOe KONMYeECTBO BODHI. 

Jina MpeOTBpallleHHA MPOHHKHOBeCHHA BOJIbI K CHCTEMe CMA3KH He TOJIbKO 
BO Bpema paOOThI, HO HW Mp OCTAHOBKe TYPOHHbI JOJIKHbI ObITb MpeyCMOTPeHBI | 
YIJIOTHHTeIbHbIe ycTpocTBa. Kpome 
TOFO, YMIOTHEHHE JOKHO Npenoxpa- 
HATb HK OT MNPOHHKHOBCHHA BOK BO 
BHYTPeHHIOIO MOJOCTh TYPOHHBI (pHc. 
IX.11). O6cayxuBatoulemy NepcoHaly 
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cTeMe Ma4CJIAHOH CMAa3KH NOAWANHHKAa 
NOABHTCA BOA, TO NOTpPe6yeTcA 3aMeHa 
macula. I[poreuka BObI K NOAWMNHUKY 
HM BHYTpb TypOHHbI MpH ee OCTaHOBKe 
MOKeT OBITb, eCJIH YPOBeCHb HHKHErO 
Obedha BbINe pacnonoKeHHA NOAMHN- 
HukKa. B nocjeqHee BpeMA B CBA3H C Cpop- | 
CHpOBaHHeM paOoyero nporecca u MIpH- 
MeHeHHA BCe Oouee ObICTPOXOMHBIX KO- 
mec, Kak lpaBHJI0, NPHXOAMTCA NpHMe- 
HATb OTPHIUaTeJIbHble BbICOTbI OTCAaCHI- 
BaHHA, T. €. NOAWHNHAKH MpaKTHYeCKH 
Bcerfa OKa3bIBalOTCA 3aTOIJICHHbIMH. 
| | YIMOTHEHHe MpHXOMMTCA Bcergsa pac- 
Puc. [X.12. Tlogmmunuuk c rycro# cma3skow =6p TOTAL aTb MC2K Ty pa6ouuM KOJICCOM TY p- 
| OMHbI WH MOMWMMHAKOM, 4TO Tpebyer 
COOTBeTCTBylolWlero MecTa. YBeIHYMBaeTCH KOHCOJIb pa6ouero kKovleca, 4TO 
YMeHbllaeT 2KeCTKOCTb BCero arperaTa Hu yXyllaeT ero 9KCIyaTauHOHHble 
cBoHcTBa. B 3TOM OTHOMICHHH MOAUWIHMHHK C rycTOH CMa3KOH Oosee Weecoo6- 
pa3eH — OH OOecMe4HBaeT MECHBbIUYIO KOHCOb, Tak KakK He HMeeT HH KHEH 
BaHHbl, a efO MaCJIOCOOPHHKH 3HAUHTeJIBHO MCHbIUHX OCeBbIX raOapHToOB. 

BoOJbIMMHCTBO HaXOMANIHXCA B 9KCMyaTaluu THApoTypOuH c 6adOuTo- 
BbIMH TIOAWIHMHHK&aMH OCHALLeCHbI KHAKOH MaCIAHOH CMa3KOH. [yctaa cMa3Ka 
NIPHMeCHAeCTCA 3HAUMTeEJIbHO perxe. 

Ha66uToBbie NOMMANHHKH pa6oTaloT OObINHO 6e3 TlepesaiHBKH B TedeHHe 
5—8 mer. UspecTHb clyuan HX pa6oTH WO 20 eT 6e3 H3MeHeCHHA Tpyllehcs 
MOBepXHOCTH H 6e3 CyleCTBeHHOrO H3MeCHCHHA 3a30Pa. OKCIVIy aTalMOHHble 
KavecTBa BKJablIIeH NOAWMMHAKOB, 3a0HTbHIX 6a66uTOM b83 yume, 4em 3a- 
mutex B16. Ha ono TOC, rae typ6uHa pabotala c HECNOKOHHbIM PpexKHMOM, 
CONPOBORKTABIIMMCA BuOpaliveH poTopa, NOAWIMNHHKH ObWIH TNepesasIHTbl 
6a66uTom B16, nocae vero Goh TypOHHbI BO3poc B TeyeHHe 2 mMecaueB oT 0,3 
nO 2 MM. 

Ilocme HOBOH nepesanuBKu 6a66uTOM B83 BospactanHHe 608 IpakTH¥eckH 
ipekpatusocb (3a rox OH yBenu4uuca c 0,30 no 0;4 mm). 

TionawaHHe BOJbI B MaCJIO CMOcOOcTByeT KOPpO3sHH Bajwa, 4TO MpHBOJUT 
K ObiICcTpoMy H3HOCy OaO66uTa uw camoro Maca. [losTOoMy IIpH MaCJIAHbIX MOL- 
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LIHNHUKAaX CleqyeT NpeAyCMaTPUBaTb HasexKHOe yIOTHEHHe H rapaHTUpOBaTh 
OTKauKY BOJbI H3 KPbILIKH TyYpOHHBEI. | | a 

- JymresipHad SKC aTauuaA NORMA NHUKOB Cc rycToH CMa3KoH Ha OnHOH TIC 
CBHJCTeIbCTBYe€T O HOPMAIbHOH MX PadoTe 6e3 3aMeTHbIX H3MeHeHHH CcocToR- 
HUA TpyWlHxca NoBepxHocTeH. Pacxoy Macila B CYTKH y NOMWMNHHKa WHaMerT- 
pom d = 700 «mM jocturaet 3 KI. a - . 


5. YIJIOTHEHHA HANPABJIAIONINX NOAUWIHNHHKOB 
Ca1bHHKOBbIe ynAoTHeEHHA | 


Takve yMJIOTHCHHA YCTaHaBIMBaIOTCA MeKAY HeNOABHXKHOM KpbIUIKOn 
TY pOHHbI HM BPalllalolllMMCA BasiOM HW MOFyT MMCTb ABe pasJIM4Hble KOHCTPYKUHY; 
oqHy —c perylupyeMoH BpywHyto OyKcoH, MO PKHMaIolleH NO Mepe u3HOCA 
MATKYIO HaOHBKy H TeM CaMbIM YILIOTHAIOWMeH 3a30p y Balla, H Apyrylo KOH- 
CTpyYKUHIO, B KOTOPOH yNOTHeEHHE 3a30pa MOCTHraeTcA cnewHaAbHO O6pa6bo- 
TaHHbIMH TpaPuTHbIMH KOJIbILaMH, MOCTOAHHO MpH- a) : 
*>KHM@eMBIMH K Bay TIpyxHHaMH. : 

Tleppaa KOHCTpyKWHA, HMeIOWLaA WIMpoKoe Npu- 
Me€HeHHe B MalIMHOCTPpOeHHH, NpHMeHAeTCA B IHy- 
poTyp6vHax TObKO B MOfWMMHHKaxX c rycTo 
CMa3KOH, Te CaIbHHK pacnouaraetca cBepxy Nol- 
IWMMHHKA WH MOSTOMY JOCTYNeH AIA O6CYKHBAHHA. | 
B nowWHMHuKax C KAKO CMa3KOH CasIBHUKH C MAT- 
KOH HaOHBKOM He NPHMECHAIOTCH, Tak Kak, pacnio- 
Waraach M@KJly KOJICECOM H NOAHIHNHHKOM Ty p6n- 
Hbl, TO YIJIOTHCHHe CTAHOBHTCA B OOJIbHIMHCTBe 
clyuaeB HeXOCTYMHBIM Mp 9KCHyaTauHn. 

MsHoc Ha6HBKU IPH BPalleHHu Bala, nmepeKa- 
THIBAeMOrO B Mpesenax 3a30pa NOAMANHUKA, BbI3bI- 
BaeT MpoTeyuky BOJH B NowmMNHHK. [losTomy tl 
B 3TOM CJIydae CTAHOBHTCA O6A3aTEJIbHbIM yIVIOTHE- Cie); Soe 
HHe HaOHBKH Ca/IbHUKAa, a 3TO BO3MOXKHO JIMIMb Ip Y Se 
OCTAHOBJICHHOH MallivHe. | : Yy 

Btropow BH CaIbHHKOBOLO yIJIOTHCHHA C TBep- : 
JbIMM TpaQHTOBLIMH KOJIbILaMH, MOCTOAHHO IIpH- 

*KHM@CMbIMH K BaJly TpyXHHaMH, HMeeT WIMpOKOe Puc. IX.13. Baye canpunKo- 
NIpHMeHeHHe y, HHOCTPaHHEIX (UPM B pa3JIHUHblx BbIX yIWIOTHeHHH 
KOHCTPYKTHBHEIX OPOpMJIeHHAX. OnbIT 9kcya- a 
TalHH MWOKa3biBaeT, YTO HX HaflexKHaA paGoTa 3aBUCHT OT KauecTBa rpaduta, 
OHH M0OxO NOWaIOTCA PeMOHTY HM B pATe cayuaeB MOCMe HeECKOJIbKHX JIeT 
9KCMyaTaluH (BCJIeqCTBHeE OTCYTCTBHA XOpowero rpaPuta) Tpe6yroT KoOpeu- 
HOH Pe€KOHCTpykKUHu y31a. [paduToBbie ynJIOTHeHHA HeEOOXOAHMO NOCTOAHHO 
CHaOKAaTb UMCTOH BOON. | | 
. Ecamm Ha N€HbKOBY1IO HaOHBKY CaJIbBHHKa He HOCTyMaeT BOA, a STO BOSMOXKHO 
Np M@aIOM JaBJIGHHH B BaHHe HW MJIOTHOH HaOHBKe CaJIbHHKa BHH3y, BepxHHe 
_CHOW HaOuBKH croparoT. B nocaeqHee BPeMA BMECTO NCHBKOBOH HaOUBKH CalIb- 
HHKa NpHMeHAIOT pyruve MaTepHambl Ha puc. 1X.13 noKa3anbt BapHaHTbi 
HaOHBKH CaJIbBHHKOB: @ — OObIMHBIN CaNbHHK C Ne€HbKOBOH HaOHBKOH: 6 — 
BMe€CTO M€HbKOBOH HAaOHBKH ycTaHOBJIeHa pe3HHOBaA MaHxKeTa J, KOTOpaA 
CBepXy MOJKHMaeTCA HaKHMHOM BTYJIKOH 2 Yepe3 c0H NeHbknH 3. Manxeta 
BbINOJHACTCA H3 Pe3HHOBOTO WIHypa KBapaTHOTO Ce4YeHHA, CHH3y BbIpesaHbl 
YCHKH, MpHxXHMaeMbIe BOJOH K KOpNycy HW Bay. Oo 

Ha puc. 1X.13, @ nenbkoBbre HaAOMBKH 3aMeHeHbi HAaOHBKaMH C pe3HHO- 

BLIMH LWIHypaMH / M OMJIeTKAaMH H3 XJIONYaATOOYMaxKHbIX BOOKOH 2. Ha6usku, 
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H300paxeuHpie Ha pue. 1X.13, 6 4 6 B SKCIMyaTaluH OKasauch Gouee Hanex- 
HbIMH, 4M MeHbKOBbIe. OHM JyUWe YIVOTHAIH Ball H pexke Tpe6oBaiH ocTa- 
HOBKH TYPOHH JIA NepeHaOHBKH CabHHKa. Kak MOKa3bIBaeT OMBbIT 9KCIVIYaTa- 
WMH, CaJIbHHKOBbIC YIVIOTHCHHA Basla HeCHAaMeKHBI, ecu TypOuHa paboraerT Ha 
Boje ¢ HaHOCaMH. Cofepxallveca B NpOcayuBalollelcaA BOAe NeCUHHKH 3allou- 
HAIOT MyCTOTH B CaIbHHKOBOH HaOHBKe H HCTHPaioT NOBePXHOCTh Bawa, Hapy- 
Wan MIOTHOCTh CasbHHKa. [lomKatue BTYJIKH CaJIbHuKa BeleT K JasIbHeHINeMy 
HCTHPpaHHlo Bara WH YCHJICHHIO OubTpalun. 


JlaOupHHTHbIe ynioTHeHHA 


Jia tWpekoxpaHeHHA OT NpOHHKHOBeHHA BOJbl BHYTpb TypOMHEI Yepes3 
3a30Ppbl MCKAY HENOABHKHDIMH HW BpPalllal;ouluMHCA YaCTAMH MA@IUHHbI B THApo- 
Ty pOOcTpOeHHH. WIMpOKO NPHMeHAIOTCA JaAOMPHHTHbIe yMIOTHeHHA. | 

B OTAHUHE OT CaJIBHHKOBBIX, NOJHOCTbIO NepeKPbIBalol HX 3a30PbI y MaliHHHI, 
JaOHPHHTHbIe YIVIOTHEHHA JOMYCKAaIOT CyYWeECTBOBaHHe 3a30pa Mexy Bpalllaio- 
IMMCA HW HENOJBHKHBIMH YaCTAMH, HO 3a CUeT CO3JAHHA AOOABOUHbIX THApPaB- 
NMYCCKHX CONPOTHBJCHHH CHH%KAaIOT BEIMYHHY NpOTeyKu Yepe3 HUX BHYTPb 
Ty pOHHEI 2O MHHHM@JIbHOH BeJIH4HHEI, 6e3ONacHoOn AIA HOpMaJIbHOH ee paodorui. 

JlaOupuHTHbe yIIOTHeHYA OOIYHO COCTOAT U3 OJHOH HIM JByX Nap Auc- 
KOB € aKCHaJIbHO' pacnovloxKeHHbIMH KPYTOBbIMH rpeOHAMH, ‘BXOJALIMMU B COOT- 
BeETCTBYIOMWMe BNaMHbl. 

UToObl NOMYYHTb HeOOMbIyIO BbICOTy JaOHPHHTHOTO ynoTHeHua y nol- 
WHMHHKa WH TeM CaMbIM MHHHM@aJIbHOe PaCCTOAHHE OT MOAMWHNHHKA JO Kovleca 
TYPOHHEI, BhICOTa rpeOHA MaOHpHHTa OObIMHO GepeTcaA HeOONbIUOH, a 4HCIO 
rpe6veh OobutuM. B Tex calyuanx, KOra BbICOTa YNOTHeCHHA: HMeeT 3HaUe- 
HHe, HalpumMep y OO60fa paoouero KoONeca palHasIbHO-OCeBOH TYPOHHbI, NpH- 
MeCHAIOT rpeGHH OOMbUIOH BHICOTLI IPH MaJIOM HX KOHUeCTBeE, Kak Oovlee Npo- 
cTHIe B H3rorTOBJIeHHH. 

Ha puc. 11.22 nmoka3aHo naOupuaTHoe YIWOTHeHHe M02 NOAWMNHYKOM 
C KHAKOH MacJIAHOH CMa3KOH. Ha kppiiKe paOouero kovleca Ba YHJIOTHHTe/Ib- 
HbIX [peOeH4aTbIX KOJIbILa COBMECTHO C KOJIbILaMH, yCTaHOBJeHHbIMH B KOHYyce 
KPbILUIKH TyYPOHHbI, CO3LaloT yNJIOTHEHHE. 

Tloq HHXKHUM MAaCJIAHbIM pesepByapomM MpexycmotTpeua ycraHoBka HeHTpo- 
OexKHOrO Hacoca, KOTOPLIM OTTOHHeET MpOHHKarOUlylo Yepe3s yMJOTHeHHe BOY 
B OTCACHIBaloIllyio TpyOy. Komeco WeHTpoOexHOrTO Hacoca HacaxKeHO Ha Bad 
TYPOHHbI H BMecTe C HHM Bpalilaetcn. Kopnyc WexTpo6exHoro Hacoca Co CHH- 
paJIbHOH KaMepoH KpenHTCA Ha KOHYce KDPbIIIKH TypOuHbI. Ha cayyuah, Korya 
rOpH30HT HH KHerO Obecha OyeT HMeTb OTMETKY BHINe KPHIMIKH TypOuHHl, 
B KOHCTPYKUHH YNJIOTHEHHA MpeycMOTpeHoO 3afOpHoe ycTpOHcTBO, He M03- 
BOJIAIOMLee BORE IpOTeKaTb H3 OTCACbIBalOlleH TpyObl Yepes 3a30PbI BHYTDPb © 
TYPOHHbI Tp OCTaHOBJIeCHHOH MaliuHe. SanopHoe yCTPOHCTBO BHITOJIHCHO 
B Be pe3HHOBOH KaMePbI KOJIbILEBOTO CeYCHHA, 3a0KCHHON B cnelMasIbHOH 
BBITOUKe KPbIMIKH KOpMyca Hacoca. 

Korya pv OcTaHOBJIGHHOH MAalIlHHe eCTb OMacHOCTh MoMmaqaHua BOLBI 
BHYTpb TYPOUHbI, B Ppe3HHOBy!IO KaMepy 3alOpHOrTO yCTpOHCTBa NO WaB- 
meHuem 1,5—2 «xI/cm? Nlomaetca Bolsa Hau BO3TyX. PesHHoBaA KaMmepa, paciin- 
pHACb, JHKBHAUpyeT 3a30p, Yepes KOTOPLIH BO3MOXKHO IIpOHHKHOBeHHE 
Bomb. LlenecooO6pa3sHo yJIOTHAIOMIee KOJIbILO CBASbIBATb C KOHTAKTHBIMH YCT- 
poOHcTBaMv, CHTHAIH3HPYIOWlMMH O BKJIOUCHHH HJIM BbIKJIIOUCHHH 3allopHoro 
ycTpoucTBa. Bks10uaTb yNAOTHEHHE MOXKHO JIMMIb Mocie NOMHOM OCTaHOBKH 
TYPOHHbI, pu MycKe ee OHO JOJIKHO ObITh OOAZATEMbHO BBIKJIIOUCHO, T. e. 
NOJOCTh PC3HHOBOH KaMepbl JOAKHA OBITh Pa3srpyRKeHa OT JaBMeHHA, a CTAJIb- 
HbI€ KOJIbIla NOX JeHCTBHeEM COOCTBEHHOTO Beca HJIM MpYKHHHI JOJWKHbI Ony- 
CTHTbCA BHH3.H OO6Pa3s0BaTb 3a30P JIA BPalleHHA MAaWIMHbI. ONbIT SKcIyatTa- 
HH TaKHX 3aMOPHBIX YCTPOHCTB MOKa3asl He OYeHb HayexKHy!IO UX paboty. 
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Ha puc., 1X.11 noxa3aHo Gomee npocToe ma6upHHTHoe ynoTHeHHe. B sa- 
OMPHHTHOe YNJIOTHCHHe TOH HIM HHOM KOHCTPyKILHH OYeHb YacTO NOBOAAT 
WHCTYIO BOJy, 3a6upaemyio OObINHO M3 CNHpatH HM Mponyckaemylo wepes 
uJIETp. Unuctax Boa NOABOAMTCA MpHMepHO B cepeMHYy WaOHpHHTHOLO ‘ycT- 
poOHcTBa Tak, 4TO 4aCTb BOJbI HET HapyxXKy YMJIOTHCHHA B MOOCTb koeca, 
uacTb HeT BHYTPb YNAOTHEHUA Yepe3s KOMECO Hacoca B OTCACHIBAIOLLY10 Tpyoy. 

IJoqBoy 4NCTOH BOLI HMeeT LLCbIO YIIHHHTb CpOK CULY OBI ja6upuutTa 
NyTeM lipeqoxpaHeHuA ero rpeOeHOK OT H3HOCa 3arpxASHeHHON. B3BeICHHbIMH 
yYaCTHILaMH BOB, YTO YACTO HMeeT MECTO B IMJ pOycTaHORKax; BO-BTOPHIX, 
Ip NOWBORe BOAbI K MAaOMPHHTy H3SBHE HCKJIOUaeCTCH BO3MOMKHOCTb 3acacbiBa- 
HHA BO3AyXa Mp HEKOTOPHIX pexKHMAaX PaOOTHI TYPOHHHI B NOOCTb pa6ouero 
KOvIeca; H, HaKOHell; NpH-MaJIbIX 3a30PaxX MaOMPHHTa NOCTOAHHHIN NMOABOL 
BOJbI K HEMy obecneuyBaeT cMa3ky rpeO6eHOK HW TEM CaMbIM UCKMIOVaeT BO3MO2K- 
HOCTb MUX 3aqMpa. a 

Iipu kKOHCTpyHpoBaHHuk a6¥ pHHTHOTO y NMIOTHEHHA Bajia- TIOAIMMNHHKAa 
cleyeT PYKOBOJCTBOBaTBCA TeMH 2e COOOpaxKeHHAMH, TO H- _YNMOTHEHHA 
o6o0fa Koeca payuaibHO-oceBoH TypOHHBI. 

Kputepvem JA OleHKH 3al poeKTHPOBaHHOH KOHCTpy KUM s1a6upuHTHOTO 
YHOTHCHHA SABIACTCA, C OJHOH CTOPOHBI, KOMHYECTBO BOJb, Npoxosamer 
yepe3 YIJIOTHEHHE H, C APyrOH CTOPOHbI, TEXHOMOTHYHOCT KOHCTpyKUHH, o6e- 
CNeuHBalollaA MpocToe MpOH3BOACTBO. 

Tpe60BaHve MHHHMAJIbHbIX MpoTeyeK MPHBOANT K HeOOXOMMMOCTH yYMeHBb- 
ICHHA 3a30POB, yYBeMHYeHHA KOJIMUeCTBA HJIH BbICOTHI rpeOHeh, 4TO TpeOyeT 
Goee 2KecTKHX JOMyCKOB mp oOOpab6oTKe JeTaseH HIM YBeIM4MBaeT BbICOTY 
yNMoTHeHuA. YKa3aHHble WakTOPb! NOJIKHbI YYATHIBATbCA MpH KOHCTPyH poOBa- 
HHH jlaOMpHHTHOTO ynoTHeHHA. BcwescTBHe COKHOCTH KOHCTPyKUMH 1a0H- 
PHHTHbI€ yIJIOTHEHHA B NOCJIeqHee BpeMA I pHMeHAIOTCA PeAKo. 


6. HAMPABJISAIONIME NOAMMMNHAKH C BOAAHOM CMA3KOM 


HanpaBjAolmlve NOAWHNHAKH C BOJAHOH CMa3KOH HMECIOT B “Hacrosinee 
BpeMA WiMpokoe NpHMeHeHve B rumpoTypGocTpoeHuH, OCOOeHHO B OTeYeCTBEH- 
HBIX KOHCTpyKHHAX. Oxnu KOHCTPYKTHBHO MpOlle NOAMHNHUKOB C MaCJIA HOH 
cma3koi. I]pu noxliMnuuKe Ha BOAAHOM CMa3Ke OTMafaeT HaQOOHOCTh B ynorT- 
HeHHAX, TaK KaK Ipoxoyalaa yepes TypOHHy BOa HE TOJIbKO He onacHa, HO 
B OOJIbINMHCTBE CJIy4aeB OHA MCHOJIbSYeTCHA JIA CMa3KH NOAMHNHHKA. Ornanaer 
HeEOOXOMMOCTb MU B pAfe BCNOMOFaTeJIbHOTO OO6OPyAOBaHHA WIA CMa3KH NOJ- 
WMMNHHKAa (pesepByapbI, Hacocnl H T. 11.). OTCYTCTBHE CMelHaIbHOrO yIVIOTHH- 
TebHOFO YCTPOHCTBA MOSBOIAeT PaCNOJIOKUTb NOAWMNHHK Ha MHHHMA@JIBHOM 
paccTOAHHM OT paOouero KOJIeca, 4TO ysyullaeT yCOBHe paOoTH TypOHHHI. 

Bce sTo 3HauHTebHO ympouaer oOclyKUBaHHe, SKCIIyaTalvio NOMMHN- 
Huka. [lonmunkuk Ha BOAAHOM CMa3Ke B OCHOBHOM MpUMCHAETCA C pesHHOBEIMH 
BKJlaibinamMu (puc. I[X.14). 

HanpaBasiollH NOJMHNHHK COCTOMT M3 JIMTOrO 4yryHHOrO Kopnyca J, 
pasmelmenHoro Ha HeCKO/bKO. YacTeH, yKpeleHHOrO Ha KpbIlIKe Ty pOHBEI. 
K Kxoprycy BHyTpv ero MpHkKpelteHb C MOMOLLbIO GoTOB 7 H 8 OOpesHHeHHEIe 
cerMeHTLI 6. CerMeHThI BKagbliiia 6 MpewqcraBsAIoT coOoH uacTH CTabHOTO 
UWIHHIpa, K BHYTPpeHHeH MOBepXHOCTH KOTOPOrO IpHByIKaHH3HpoOBaHa pe- 
3HHa 5. O6pesHHeHHad NOBePXHOCTh BKMaAblIa CHaOKeHA MPOMOMbHBIMH Ka- 
HaBKaMH, M10 KOTOPbIM BO BpeMA paOoTH TypOHHEI MpoTekKaeT Boa, OxMax- 
arulai WH CMa3biBalollad NolmunHuK. Boa No_BoANTCA TPpy6ompoBoloM 2 
B 3aMKHyTOe NpOcTpaHcTBO Hall KOpMycoM NosmunnAKa — BaHHy 3. OKos0 
Balla BaHHa YIOTHAeCTCA CaIbHHKOM. []OTHOCTh NpHwleraHuA HaOUBKH Casb- 
HuKa K Bally peryMpyeTca HaxkUMHOH BTyIKOH 4, KOTOpan No{TAruBaercaA 
WinvsbKaMu 9, CojepxKajanca B pesHHe cepa cmoco6crByer KOPpO3HH CTAaJIb- 
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HOrO Bala, NOITOMy Basl HEOOXOAMMO NpemoxpaHATh pyOalKon, yume Bcero 
M3 HepxKaBelomleH cTamu. Tlogaua BOAbI B NOAMIMNHHK OObIMHO mpelycMaTpH- 
BaeTCH OT JBYX H€3aBHCHMBIX Apyr OT Apyra HCTOYHHKOB NO OTAebHbIM Tpy6o- 
mpospozam (pvc. IX.15). [logmmnyuk nocTOAHHO MNHTAaeTCA BOROKM H3 CNHPavIb- 
HOH KaMepbI C MOMOL[bIO 
Boo3a6opa HIM H3 BOJON- 
poBoya / TeXHHYeCKHX HY KL. 
9 Bona mocTymaeT m0 cne- 
WHaIbHOMy TpyOONpoBory, 
Ha KOTOPOM HMeeTCA (HJIbTp 
2 4 CTpyHHoe pee HH pevie 
‘jjaBneHua 4, KOTOpOe JaeT 
BO3MOXKHOCTbh KOHTPOJIHPO- 
BaTb HaJIH4He ONpeesIeHHO- 
ro pacxojja B Tpy6onposBore. 
= 7 IIpu cuwxKeHuun pacxoja 
B TpyOonmpoBogze HHxKe MH- 
HHM@aAbHOH JOMYCTHMOH Be- 
JIMMHHbI CTpyHHoe pee LaeT 
_3JIEKTPH¥eCKHe  HUMITYJIbCbI 
Ha BKJIIOUeHHe B padoTy pe- 
3e€pBHOrO Tpy6onpoBoga, NH- 
OS Talouero NOAWHNHAK OT 
Puc. 1X.14. WoqumnynKk C Ppe3HHOBBIMH BKalbilllaMH TeXHHYeCKOFO BORONpOBOTa 
Ha BOAAHOH CMa3sKe CTAHIUHH HIM Apyroro ucTou- 
HuKa. Jina aBTOMaTH¥ecKOro 
BKJIIOUCHHA STOTO pesepBHOTO TpyOoNpoBowa Ha HEM yCTaHABJIMBaeTCA KJa- 
aH C COJICHOHHbIM mpHBosOM 3. B cayyae, ecw Mo pesepBHomy TpyOorpo- 
BOLY BOJla He TeYeT HIM MpOTeKaeT B HEJOCTATOUHOM KOJIMUECTBE, pele CTpyi- 
Hoe HJIH pele aBJIEHHA WakOT COOT- | 
BETCTBYIOUMH CHrHal. - os / ? 3 posppBubii 
[[potiqa noquunuuk, Boga no- newpbuoae {> =_/ mpydonpobod 
cTynaeT B 30Hy Hall pa6ounM KoJe- mpyéonpobai > Lose 
COM. 
Ecau Typ6uHa pa6oraeT Npu HH3- 
KOM Hanope H jaBeHHe B CnMpa- f 
JIM HeJOCTATOYUHO AVIA NOLaYH BOJBI A 
B NOAWHNHHK, BOSMOKHA CX€M4 CMA3- \- 


KH C HaCcOCHOH CHCTeMOH, MPH KOTO- |” >= 
poH Bola NoyaeTcA B Oak, pacniolo- . - 
2KCHHbIH Ha BbIcoTe 15—17 m Haz co _ 
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M3 mpydonpoboda 
MeXHUYECKOU 
Goda! 


NOJIMMNHAKOM. M3 6aka Bowa CamMo- 
TeEKOM TocTynaeT K MNOWUIMNHHKY. 
OnbiT 3KCIyaTalHH MOKa3bIBaeT, 
4TO H3ObITOUHOeR aBsIeEHHe B BaHHe , 
nommannuka 0,5—1,0 «I/cm? sas- P#°- IX.15. cxeMa oat cmacow NOAUIBN HAK 
AHeCTCA JIOCTATOUHbIM WIA CMa3KH 
NOJWHUMHHKa. | 

OcHoBHoe TpeGOBaHHe, KOTOPOMY JO/KHA YOBJETBOPATb CHCTeMa HOJI- 
Bola CMa3kH — 6ecnepeOohHad Nogxaua BOA, TaK Kak IIpH e€ OTCYTCTBHH 
Pe3HHOBbIM BKJaf[bIll NOAMWHNHHKa BCJIeACTBHe CBOeH HeTeIJIONPOBOAUMOCTH 
cpa3y xe cropaeT. 

Tloqmmnynk ¢ BOAAHOM CMa3KOH XOPOLIO 3apeKOMeHOBa/I CeOA B MpakTHKe 
9KCILY aTallHH FHAPOTy pOuH, yCTaHOBJeHHBIX Ha OTevecTBeHHbIX TOC. Ero orau- 
YHTEJIBHOH OCOGeCHHOCTbIO ABJIACTCH HANeCXKHOCTb HW YOOcTBO B SKCIVJIY aTallun. 
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'  K JOCTOHHCTBaM pe3HHOBOrO NOAWIMNHHKAa CuleayeT OTHECTH HW ero cnocob- 
HOCTb YMeCHbIIaTb BHOPalluu Balla. BcseACTBHe 91 aCTHYHOCTH PeSHHbI BaJl MOKET 
BpalllaTbCA BOKPyF CBOero WeHTpa TAKECTH, Wake CCIW OH HE pacnooxwKeH NO 
JIMHHH, HE COBMaawlleh c reOMeTpHYeCKOH OCbIO Bala. ONbIT 9KCIAyaTaluu 
NOJMUMMHAKOB NOKa3aJl, YTO OHH PadoOTaloT HafexKHO, OCOOeHHO Ha 4HCTOH Bore, 
KOra KOJIMUECTBO B3BCLICHHbIX B BOE UaCTHIL He NpeBbumnaerT 0,1 e/a. Ec xe 
B BOJ€ HMeIOTCA TBEPJbI€ YaCTHILbl, TO NOBEPXHOCTb OGJIHWOBKH BaJla MOKeT 
HcTUpaTacaA. Oco6eHHO HHTCHCHBHO HCTHPaHHe Balla MpOMCXOAHT B MecTe 
yYCTAHOBKH CaJlbHuKa, axe pu uncTonw Boge. []OSTOMy CaJIBHHKOBBIe yIJOT- 
HeHHA B MOCJe€RHHX KOHCTPYKUHAX 3aMCHALIOT TOPILEBbIM YyIJIOTHEHHEM. 
TopieBbie yMMOTHeHHA NoKa3aHb Ha puc. 1X.16. Onn cocToAT u3 AByX 
Koulell: pesHHoBoro J, IpHkKpenJIeHHOrO K KOPNycy BaHHb! 2 Hay, NOAWHNHHKOM, 
M KOJbILa 3 H3 HepxKaperolleh cTaiv, COe€HHeEHHOTO c Basliom ¢ TYPOHHbI. 
I 
+ 2\ 
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Puc. IX.16. Topnenoe ynuaor- 
HeHHe 


Boya, Nocrynatoulad B 30HY TOPUeBOrO yIMIOTHEHHA, MpHxXHMaeT Pe3HHOBOe 
KOJIbILO K CTaJIbHOMY H TCM Ca4MbIM JIMKBHAMpyeT 3a30p. OnbiT 9KCIWIyaTalnu 
TaKHX YIVJIOTHCHHH NOKa3bIBaeT, YTO BeEIMYHHA 3a30pa S IPH XOOCTOM xoje 
(Oe3 Harpy3kH) JOuKHAa ObITb OKOMO 5 mm. II pu nomHO Harpy3ke, Kora KOJIbILO 
OIycKaeTcA BMeCTe C BaJIOM, 3a30p JOJIKeEH ObITh He MeHee 1—2 mam. IIpenmy- 
I\€CTBOM TOPIeBOrO yNMJIOTHEHHA MO CpaBHeHHIO C_ Ca/IbHHKOBbIM ABIAeTCA 
OTCYTCTBHe H3HOCa pyOalliKH Bala, OoNee MPOROMKUTeEMbHbIC CPOKH CJLyKObI 
YNJIOTHCHHA H HEYYBCTBHTCJIbHOCTb K OHEHHIO Balla TypOuHEI. BnepBpie TakaA 
KOHCTPyKUHA TOPWeBOrO yNJIOTHEHHA Oba paspaooTtaHa X TIS. B skcnaya- 
TawuH OHH MOKa3aiH HayexKHYy!lo paooty. 
«a J|uHa TOMUIMNHAKa paHee MpHHHMalaCb CpaBHUTebHO Oonbwmon (1 = 
= 1,5d), B HacToamee BpeMA MpH3HaHO JOCTaTOUHBIM MpHHATb | = (0,6+ 
+0,8) d. | | | 
Ha pue. 11.15; 11.17; 11.21; 11.23; 11.26 u 11.29 moxuo BugeTs noxwun- 
HHKH C BOJHHOH CMA3KOH WM Pe3HHOBbIMH BKJIabilliaMH B BbIMOJHEHHbIX TYp- 
OvHaX PalHabHO-OceBOrO MH MOBOPOTHOMONAaCTHOrTO THIIOB. ~~ 


CBouCTBa pe3HHbI KaK NOAUWIHMHHKOBOTO MaTepHaua 


Ji HallpaBsIAiOulH4X MOMMHNIHHKOB THpOTypOHH NpHMeHAeTCA cCrelHaJb- 
HbIH COpT pe3sHHbl. Ecaim B COCTaB pe3HHbI BXONHT HaTypaJIbHbIh Kay4yK, 
ee (U3HKO-MeXaHHecKHe CBOHCTBA XapaKTepH3yIOTCA CJICAYIONIMMH NOKa3a- 
TEJIAMH: COMPOTHBJIeCHHe paspbIBy He MeHee 200 KI/cm?; OTHOCHTeEBHOe YIH- 
HeHHe pH pasppiBe He MeHee 400%; necdhopMalna oOpasila Ha CcoxKaTHE IIpH Ha- 
rpy3ke 5 KI/cm? He WOmKHA NpeBLIMaTh 2% OT TOAIHHbI peSHHOBOTO CJION; 
TBeEpOCTh KoMeOMeTCA B Mpezemax 8,3—12,6 (ucnbITaHHe Ha TBeEPOCTb TIpo- 
H3BOJHTCA TBepsoMepomM mo TOCTy 263—53). re 


31H. H. Kosaser 48] 


5) IipouHocTb cClenJlIeHHA pe3HHbI C MeTaJIOM (HajiexKalluM OOpa30m 
o6pa6oTaHHbIM) paBHa npuHmMepHo 40 «J/cm? pw MCNbITaHHH Ha CABHT. 

6) MctrupaemocTb Apu CyXOM TpeHHH He JOKHA NpeBprmtaTs 700 cm?/Kem+4 
(TOCT 426—66). IIpu stom 3amMepsetTca KOMMYeCTBO CTepTOrO MaTepHaja Ha 
1 kem/4, 3aTPadeHHOM MOMLHOCTH JICKTPOABHTaTesA. 

7) IIpH Ha6yxaHHH B peyHOH Boye B TeyeHne 10 CYTOK pe3HHa yBeJH- 
yHBaeTca B Bece He G6oee 0,15%. 

8) PesuHa BO BKJlajpiile, oxsaxkZeHHOM 20 —50° C, He H3MeHHeT CBOHX 
(pH3HKO-MeX AHHYeECKHX CBOHCTB NOCcJie HarpeBa ee 20 KOMHATHOH TeMNeparty ppl. 

Ora pe3vHa Mp BOAAHOM CMa3Ke ABMACTCA XOPOWIHM aHTH@pHKIMOHHEIM 
MaTepHaJiomM. KosdiulnHeHT TpeHHA pe3HHbI NO CTaM HeBeJIMK WH 3aBHCHT OT 
OKPy2XKHOH CKOpOCTH H yJiebHOTO aBJIeHHA. 
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Puc. 1X.17. Caoticrpa pe3vHbl Kak NOMMMMHAKOBOTO MaTepHala MPH TOMMHHE 
-oOp a3ila: : 


1 —- 6,3 mm; 2 ~ 12,7 um; 3 ~ 19,0 mu; 4 —~— 25,4 mu; 5 — 25,4 mm 


OnbitaMH ycTaHOBJIeHO, YTO Np CMa3Ke BOOK C yBeJIHYeHHeM yJeJIbHOrO 
laBJIeHHA H OKPyXKHOH CKOPOCTH KOIMPHMLNEHT TPCHHA Pe3SHHBI M0 CTaJIH YMCHb- 
wiaeTca. SaBHCHT OH Tak2Ke OT KayecTBa OOpa6oTKH TpyWlHXCA NOBepxHocTeH. 
MuHuMaJIbHOe 3HaueHHe KOS*PDPHWHeEHTA TPeHHA HAXOMMTCH B Mpewetax p = 
= 0,005+0,01 npu ckopoctax u = 1,5+3,5 m/cex. KoaddbuunenT TpeHua pe- 
3HHbI C yBesHueHHeM TemnepaTypbl BOspacTaeT. PesuHa OONamaeT BbICOKOK 
IACTHYHOCTbIO H MOKET BbIAeCPAKHBATh 3HAYHTEJIBHbIe NePopMalnu, He oNy- 
CTHMbI€ JWIA JpyruX MaTepHavIoB. 

[Ipu npoekTupoOBaHHy NOAWHNHHKA C Pe3HHOBBIM BKJIaJbILIeM 3a30PbI HeEO6- 
XONMMO BbIOHPaTb C YYCTOM BO3MOXKHHIX JedopMalnn. BaxkHo, YTOObI OHH He 
MIpeBOCXOIHIH 3a30pOB B JIaOHPHHTHbIX YIJIOTHEHHAX. 

Jia YMCHbIWeCHHA aOCOJIIOTHBIX 3HaYeHHH mporHOa NOMWHNHHKA Wereco- 
o6pa3HO IpHHHMaTb Ooee TOHKHH COM Pe3HHBI. 

Ha puc. IX.17 npuBezenp NoyueHHble ONbITHbIM MYT€M KPHBHIe, Xapak- 
repH3ylouive CBOHCTBAa pe3HHbl KaK MOIIHMHHKOBOTO MaTepHala. Ha 
puc. I1X.17, a qaHa 3aBHCMMOCTb KOS*PDUUNeEHTAa TPeHHA P OT OKPyKHOHM CKO- 
pOcTH pw Harpy3kax, MeHAIomuxcaA OT 1,0 no 3,5 KI /cm? u pu TemMnepatype 
OXNaxKaiouleh Bob 43° C. | 

M3 rpaduka BHJHO, 4YTO Cc yYBeIM4eHHeEM Harpy3KH KOS@puLMeHT TpeHHA 
yMeHbinaetca. IIpu Bcex Harpy3Kax C YBeJIHYeHHeEM OKPYXKHOH CKOPOCTH KOap- 
(pHILHeCHT TPeHHA BHaYase pe3KO yMeHbilaeTcaA, a B JaIbHeHINeM OCcTaeTCA 
MOUTH NOCTOAHHEIM. 

Ha puc. 1X.17, 6 noka3aHa 3aBHCHMOCTb H3MeHeHHA KOSDpUuMMeHTA TPe- 
HHA OT TemrepaTypbl. C yBeM4eHHeM TeMMepaTypbI KOSPPuNUNeHT TPeHHA yBe- 
NHYMBAaeTCA,NOSTOMY BCerfa KEM AaTeIbHO NOABOAHTb 6OJIbLIee KOJIHYECTBO BOIHI, 
4TOOL! TemMnepaTypa ee Oba HeOOJbIUON. 

Ha pue. [X.17, 6 noKa3aHbl KPHBbIe CKATHA PeC3HHOBLIX OOPasioB pa3saH4- 
HOH TOJIMIMHbI pH pa3HbIX YeCJIbHbIX WaBeHHAX, ROxomAmUx Wo 70 KI/cm?. 
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asa OpHeEHTHPOBOFHOTO oNpexeeHuA Kosdepunnenra TpeHHA pesHubl MOXKHO 
NONb3SOBaATLCA CeyIouleH SMNMPH4ecKOH 3aBHCHMOCTBIO: 





fu 
=c V# 
U >? 
re &@ — OKpy2KHaA ckKopocTb B «/ceK; 
p — yaAenmbHoe aBnenne B KI/cm?; 7 
C — Kosuunest, 3aBvcAWMH OT OKPyXKHOM CKOpocTn. 


uBpamicer ..... 1,0 20 4,0 6,0 8,0  10;0 
Cee eee ee ee 0,25 02 0,16 0,15 0,13 0,125 


JlocroHHCTBOM pe3HHbI ABJIAeTCH ee MaJbli H3HOC B Mponecce aKCIuy aTalun. 
B cilyyae NomaqaHunA mecKa B NOAUIMNHUK NeCUHHKH BAAaBIHBAaIOTCA B 3QV1aCc- 
THYHY!IO NOBEPXHOCTh Pe3HHbI, NepeKaTHIBaACh NO HeH, JOXOJAT NO 6AMxKall- 
uleH KaHaBKH H M3 Hee CMbIBaIOTCA BOJOH. TlostomMy axe Npu HamMuHH necka, 
H3HOC NOAMMNHHKAa NomyyaetcaA HeOOJIbIIMM. 

HeyoctaTKOM pe3HHbI KaK MaTepHalla ABJIAe€TCA MOXA ee CTOHKOCTb NO 
OTHOIWeHHIO K HedTenpoOkykTaM HM MHHePabHbIM MacwiamM. I]pu HasmMunn 
B Bose H HonawqaHun Ha Pe3HHy MaCJla OHH PaCTBOPAIOTCA B pesHHe, emawT ee 
MATKOH, JIHMMKOH H HENpHrOHOH AWA pa6oTtH. PesuHa MOxKeT XpaHHTECA WWIH- 
TeIbHOe BPeMA B TEMHOTe MIpH TemMepaty pe OT 0 no +20° C B chipbix onuaKax. 
IIpu qeticTBuu APKUX COVIHCUHBIX ayuen MW Tellsla pesHHa saTBepzeBaerT HW TepHeT 
ylpyroct. 

AapakTep -TPeCHHA Pe3SHHOBHIX NOMWHIHHKOB — XKHJKOCTHLIH. O6 3TOM 
B H3BECTHOH Mepe CBUJeTEMLCTByeT YMCHbIUeHHe KOSPHIMeHTa TpeHHA C yBe- 
JIMueHHeM OKPyKHOHK CkopocTu. Bpwio Takxe 3eMepeHO pacnpeseneHHe AaByie- 
HHA, BOSHHKAIOUerO B CMa304HOM CyI0e PpeSHHOBOTO NOAMIHNHHKA pH Bpaiie- 
HHH Baia B pasHbie CTOpoHH. IIpH STOM XapakTep H3MeCHEHHA aBeHHH B NOD 
WIMMHHKe Obl CXOXKHM C XapaKkTepOM paclipeyseleHuA JaBJICHHA B CMa304UHOM 
coe OOBIYHOTO MeTaJIH4YeCKOTO NOAMHNHHKAa. OHaKO BCeACTBHe 31acTHY- 
HOCTH Ppe3HHbI MAKCHMA@JIbHOe 3HAaYeHHEe JaBJICHHA HECKOJIbKO CrlaxKHBaeTCa. 
Mexy BaJIOM MH Pe3HHOBbIM BKJafbilleM B MpeflelaxX MpocTpaHcTBa, OrpaHu- 
YCHHOrTO CM@30UHBIMH KaHaBKaMH, OOPasyeTCAH CMa3O4HbIH KJINH, KOTODBIH 
NOJIEpKUBAeT Bad. : 


Bxk1a Qbi li NOAWMNHHKA C pe3sHHOBOK OO1HLOBKOH 


TloxmMNHUKH c pesHHOBON O6AMNOBKOH HCNOAD3SYIOTCA B Cy AOCTPONTeABHOL 
MNPOMBILJI€HHOCTH JIA ONOPb! BasOB TpeOHbIX BHHTOB. Jia ruqzpoTyp6uH Ta- 
KHe NOAUIMIMHAKH NPHMeCHAJHCh B CUTA. B CCCP nozmmnuuku c BKaqpuuaMn, 
OOAMIOBaHHBIMH pe3HHOH, WIA rHApOTypOuH cpezHeH u OombMOH MOMHOCTH 
Havain mpHmMenatscs JIM3 B 1935 r. [29]. 

laa ruxpotyp6uH MagbIX pa3MepoB c JMamMeTpamu BanoB 110—200 um 
PeSHHOBbIe BKMAIBIINN NPeACTABAAIOT COOOH OOBMHO ebHYIO MeTaIMHYeCKYIO 
BTYIKY, OOJIHILOBAHHY!IO pe3HHOH, B KOTOpOH MMeloTcaA 8—14 npojoubHBIXx 
KaHaBOK JIA CMa3KH MW OX/aKIeCHHA BOON. 

Aaa Typ6OuH cpeqHuXx pa3MepoB Cc BajaMH 2M aMeTpOM 300—500 am pesu- 
HOBbIe BKabll H3FOTOBJIAIOTCA OOBIGHO H3 ABYX dacTen, KoTopbie npukpen- 
JIAIOTCA BHHTAMH K KOpNycy NOAWIHNHHKAa TyPOUHBI. 

Aid KPyNHbIX THApOTypOuH pH AMaMeTpe Bana cBEIUe 500 wm BKTaTbIUN 
coOupaiotca us 8—12 cexTopos. Ha puc. IX.18, 6 noka3aH ofMH cekTop, 
MpelcTaBAIOuNH cO6OH cTrasbHyio nmaactTuny J, H3OrHyTylO NO Ayre OKpyx- 
HOCTH NOJIMUMNHHKA, C NpOBy1KaHH3HpOBaHHOH pesHHOH 2. Cranpubie oOpesu- 
HeHHBI€ CErMCHTbI KPCNATCA BAHTAMH Yepes OTBEPCTHA 3K Kopnycy nofumn- 
HuKa. Jia Jyumero COeAHHEHHA Pe3HHbI C WeEAbHOM BTYJIKOH MO BCeH ee LHHE 


31* 483 


‘WenecooOpa3sHo H3SHYTPH Hape3saTb MesIKy!o pe3sb6y. Hannya B ornome- 
HHH CIlelMJIeHHA C. pesHHOH MaTepHasl — jaTyHb. B KpYyMHbIxX NOAWMMHAKaX 
CO CTaJIbHbIMH Ce€KTOpaMH JIA Jlyuillero coeqHHeHHA TocweqHHe C pe3sHHol 
IIPHMeCHAIOT JlATYHHPOBaHHble NOBEPXHOCTH, K KOTOPbIM NPpHBYAKaHH3upyerca 
pe3HHa. 

ByaKaHv3alHA CeKTOpa JOJKHA MpPOHSBOAMTLCA B CnelHasbHOM  mpecc- 
cbopme. O6bI4dHO pa3sMeppI H Bec Camo Mpecc-*popMbI 3aBHCAT OT rpy3onoybem- 
HbIX CPeACTB. 3aBOJla Pe3HHOTeEXHHYeCKHX -H3AeHH, NpPOHSBOAAWerO By.- 
KaHH3allHio. OTO ABJIAeCTCA ONPeNeAIOIHM IA BbiOOpa KOMMUeCTBA CeK- 
TOPOB KPYNHbIX NOMJHIHAKOB THApOTypOuHHl. 

Ha puc. IX.18, @ noka3aHo ceyenue mpecc-ctbopMb! JIA By IKaHu3alluH ceK- 
Topa. Ona cOcTOMT u3 JByX UacTeii: HHKHeH / u BepxHe 2, MexKY KOTOPBIMH 
HaxOJATCA MWIaHkKH — espana 3 uM NpaBan 4, 3aKpenvieHHbie BTyYIKOH O H 
KOHH4eCCKHM wWTHdrom 6. Bco6OpaHHow npecc-opme co3aeTcH 3aMKHYTHIM 
OObeM, B KOTOPHIM BKabIBaeTCA CEKTOP BKMablla C MPHKJICCHHbIMH JIMCTaMH 
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Puc. IX.18. Pesnyossli skaanpnu 


M3 CbIDOH peSHHbI, H 3aTeCM MPOH3SBOAHTCA BY/IKaHH3allHA NOX mpeccom. Obpe- 
3HHeEHHBIA TaKMM OOpa3s0M CerMeHT OObINHO HMMeeT TIPHMyCcK Ha OOpaoorTky. 
Ha rugpoTypOuHHOM 3aBOJle CErMeHTH COOHPAIOTCA B Il@JIbHOe KOJIbILO, 3aTeM 
IIPOUSBOJHTCA pacTOuKa UX BHYTPCHHeH NOBeEPXHOCTH Ha KapyCeJIbHOM CTAaHKe. 
KahaBkKi B NOXMHMNHHKE JIA MpOTeKaeMOH BOI OOLIYHO IPHMeCHAIOT Mpoob- 
HbIe. PopMa KaHaBKH NOMWHNIHHKAa NOKasana Ha pue. 1X.19. Kanapxu cay- 
*KaT JIA MpONyCKaHHA CMa304UHOH HW OXJaKaloluleH BOL WH WIA yasieHun 
mecka H Wula, 3aHOCHMOTO BOJOH. Pasmep u dopMa KaHaBKH onpeyesAIoTcA 
SMIMPH4eCKH HW 3aBHCAT OT pa3Mepa NOAMMNHHKA. TayOuHa KaHaBKu NpHHH- 
MaeTcaA B penemax hy = (0,4+0,5) Ag. 

B lpakTuKe rHApoTypOOcTpoeHHA H3BeCTHHI Cy4aH MPHMeHCHHA pe3sHHo- 
BbIX NOMWHNHAUKOB He C MpPAMbIMH CMa@3O4UHbIMH KaHaBKaMH, a C BHHTOBbIMH. 
Ha mopepXHOcTH TakuHX MOAMWMMHHKOB pachOvaralHcb O2Ha HIM Be CMa30uU- 
HbI€e KaHaBKH NOWYKpyrioro HH TpanelleHwaIbHoro MolmepewHoro ceyeHHs, 
UAYULMe NO BAHTOBOH JIMHHH 0 BceH AHHe NoAWAMNnHHKA. [lpu Tako KOHCTpyK- 
IHW JWIMHa CMa304UHOH KaHaBKH NOMyuaeTca OOMbIIOH, BO3SPacTaeT Tu ApaBsH- 
ywecKoOe CONpOTHBIeHHe H MOSTOMY TpeOyeTcaA OobMOCe AaBeHHe CM43bIBaI0- 
weH Bowbl Kpome Toro, TakHe CMa304HbI€ KaHaBKH OOJIbIMe MOABepKeHHI 
sacopeHupo. [loqmmMnHukKH Cc BHHTOBbIMH KaHaBKaMH PaciIpoctTpaHeHHaA B ruypo- 
Typ6ocTpoeHHH He NOJYUHIN. | 

3a30pbi B HalpaBJIAIOUIeM NOAMMNHAKe rHApOTypOnHbI C peSHHOBBIM BKJ1a- 
JipiiliemM BbLIGHPalOT TAKHMH 2%Ke WIM HeEMHOTO MeHbIe, 4YEM B MeTAaIJIMYeCKHX 
HOJIUHMHAKaX, TaK KaK pe3HHa Jlerue FedopmMupyetca. B cayuae O6oubMNXx 
3a30pOB YBeAHUNBaeTCA AMIWIHTyZa KomeOaHuh Bana. TouulMuHa CMa3bIBaIo- 
Wei MIe€HKH Y Ppe3HHOBbIX MOMMWHMHHKOB, OYEBHHO, MOKeT OLITb MEHDbIIe, 
4eM y MeTaJIJIHYeCKHX, TaK Kak pe3HHa MOXKeT MpHcnocaOMMBAaTbCA K Wepo- 
XOBaTOCTH Baa. M3BecTeH cJIyuan ycrelIHOro MpHMeHeHHA NOAWIMNHAKOB 
C HaTATOM, T. @€. BHYTPCHHHH AWaMeTp NOAWHMHHKa ObLI Janke HeCKOJIbKO 
MeHbIne WHamMeTpa Bana. [[pu Takom noOsMiMNHUKe OCTHTaeTcCA yMeHbIUWIeHHe 
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BHOpalluu Basa, OqHaKO, B Cy4ae Upe3MepHOrO HaTALa, BO3MOKHO BO3HHK- 
HOBeHHe CyXOTO TPpeHHA pe3HHbI MO MeTasly HW Nepexor ee. [lostomy sy4ue 
MpeyCMaTpHBaTb MMHHM@JIbHEI 3a30p B MOMUHMHHKe, FrapaHTupyloujnit 
o6paso0BahHe TOHYaHWIeH BOJAHOH MJIeCHKH. 

JlonycKaembie Harpy3KH Ha HallpaBsaiomHe pe3HHOBBIe nowMHNHHKH 3a- 
BHCAT OT 4MCa OOOPOTOB Bala HM BeIMYHHE! ycuua. Tlocnequue onpesenuT, 
TpyYAHO, Tak Kak BpalllaiouMica poTop TypOHHbI ypaBHOBeLleH M BOJa NOLBO- 
JHTCA K pa6ouemMy KOlecy PaBHOMepHO CO BceXx cCTOpOH. OyHakKO NpakTuyeckH 
Bcerya CyULeCTByeT HEKOTOPaA HeypaBHOBELICHHOCTh MaCChI poTOpa H HeCHM- 
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-75° 
D3 
y= 20440 Puc. IX.19.. Hopmann3opannpie JIM3 
No= 40-70 BKAaXbINH PesHHOBOrO NOAMIKNHHKA 


MeTPHYHOCTh MOTOKA BOAbI, NOITOMY CyIeCcTByeT H Harpy3ska Ha NOMMHHHUK. 
BenwunHy ee NMpHxo_UTca ONpexeATb KOCBCHHBIM IlyTeM M3 TeNOBOrO pac- 
yeTa MOWHNHHKA, KOTOPHI MpHBeyeH HH KE. 

3Had Harpy3ky, MOKHO ONpeseIuTb yAenbHoe JaBeHHe. Y TeIbHOe LaBuJe- 
Hue Ha NOAUWAHNHHK, NOWyYeHHOe TaKHM IyTeM, CONMOCTaBJAIOT C YJeJIbHbIM 
JaBJICHveM, IPHHHMaeMBIM B lpeKHUX KOHCTPYKUHAX HW B CyMOCTPOUTebHOK 
npaktuxke. IIpu yCTaHOBNeCHHH BeJHYMHEI JONyCKaeMOro yebHOTO jaBeHuA 
Ha HallpaBAAIOWHH NOAMWHNHHK CielyeT HCXOJMTb H3 BOSMOHKHOU JeopMallHy 
NOAMMMHHKA H CKOPOCTH BpallleHHs. HeoOxoJHMo HMeTb B BUJy, YTO OKPyxX- 
Had CKOPOCTb, NpH KOTOpOH COM BOLAHOM CMa3KH elle He TepAeT cBoe# 
HecyllleH CNOCOOHOCTH, He JOKHA ObITb MeHbIUIe 0,5 m/cex. [Ipu Takohk CKOpo- 
CTH Harpy3Ka Ha peSHHOBbIM NOAMWMNHHK He MOKeT NpeBbmmaTb 3,5 KI /cm?. 
Pe3HHOBbIe NOAWHNHAKH THIPOTypOHH OOBIMHO NPHMeHAIOTCA IPH OKPYKHBIX 
ckopoctax oT 1,5 no 12,0 m/cex. pu 3TOM HOMycKaloT ye bHOe WaBenne JO 
5 «KI'/cm?. 

B cylocTpouTeibHont mpakTuke [108] npu ropH30HTambHEIX Bamax yeJb- 
Hoe JaBIeHve HA PeC3HHOBbIe NOMMMNHUKUN AOMycKatwoT oKoNO 2,5 KI /cm?, upH 
3TOM NPHMCHAIOT OTHOCHTCAbHO JVWIMHHbIe NOAWHNHUKH. 

OyHakoO H3BeECTHO, 4YTO YJeJIbHOe WaBJIeHve HA TOPH3OHTAJIbHbIN NOAWHII- 
HHK MOET OBITh yBesHyeHO JaxKe 0 50 KI /cm*. [iia sToro Hao, YTOObI Ha- 
rpy3Ka NpuHkKasbipasacb nocsae ROCTUKEHHA BaJlOM CKOpOcTH 2,5 micex. Pac- 
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XO BOJbI Yepe3 NOMMHNHHK AOWKEH ObITb HACTOJIbKO BeHK, 4TOOH OGecrie- 
YHTb JOCTATOUHO HH3KylO TeEMHepaTypy CMA30UHOH MIeCHKH, H, HaKOHell, No- 
BePXHOCTb Balla H NOAWIMNHUK JOJOKHbI ObITh OUCH TiaqKHMH. J[vamertp Tpy- 
Oomposoyza d A NoyBosa BOALI K NOAMWHNHHKY OObITHO paBen d = (2,5+ 
+3) VD, um, rae D, — quamerTp Typ6uHEI B MM. 

B CCCP noyquiMnmHHkH Cc pe3HHOBLIMH BKJafbIaMH 9KCIIyaTHpylorca 
c 1937 r. Ha MHOrux ru~poctanuHax. Bce Typ6unn BommcKkux TIC o6opyno- 
BaHbl TypOHHaMH C pe3HHOBbIMH NOJWHNHHKaMH JHameTpomM d = 1400 mum. 
OuH ycneliHo dKcnJIyaTupylotca c 1955 r. Tugzporyp6uner Bpatcxon TOC 
(V = 235000 xem) c pesHHOBbIMH NOwWAHNHHKaMH d=1500 mu u Kpac- 
HospckoH TOC (N = 500000 xem) c auametpom d = 2300 mm Tome 
ycnellHo 3kcnuyaTupyrotca. Ha typ6uHax HekoToppix [TSC 6bi10 HeECKOJIbKO 
clyuaeB «CrOpaHHA» NOBEPXHOCTH Pe3HHOBHIX NOJMWHNHHKOB BCJeACTBHe MpeK- 
pallleHHA MOLayH BOLI WIA CMa3KH. Typ6OuHa Oblia OCTaHOBIeHa He Cpa3y, H 
NOAWHNHHK padotan mp cyXom TpeHuu. OT cHIbHOrO HarpeBa pe3HHa Olla- 


| Ta6Oauna IX.2 
OcHOBHbIe pa3sMephi pe3sHHOBOFO NOAWMNHHKAa 


KosHuecTBO 
Dy, D, D, D, H h 
. Ce KTOPOB 6O.1TOB 
265 295 335 |.- 280 280 | 200 4 16 
315 345 385 - 330 310 230 4 16 
365 395 435 380 350 270 - 4 16 
415 445 490 430 380 300 4 16 
465 495 540 480 410 | 330° 4 16 
515 545 590 530 440 360 4 16 
565 595 — 640 580 | 470 390 4 16 
620 650 | 695 635 |: 500 420 4 16 
670 705 755 685 560 460 6 36 
720 755 805 735 590 490 6 36 
770 810 860 790 620 520 «+6 36 
820 860 910 840 640 540 6 36 
870 910 960 890 660 560 6. 36 
920 960 1010 940 680 580 6 36 
970 1010 1060 990 700 600 6 36 
1020 1060 1110 1040 720 620 6 36 
1120 1160 1220 1140 770 650 8 64 
1220 1260 1320 1240 820 700 8 64 
1320 1360 1420 1340 | 870 750 8 64 
1420 1460 1520 1440 920 | 800 8 64 
1520 | 1560 | 1620 1540 960 840 8 64 
1620 1660 1720 1640 |. 1000 880 8 64 
1720 1760 1830 1740 1050 910 120 96 
1820 1860 1930 1840 1080 940 12 96 
1920 1960 2030 1940 1120 980 12 96 
2020 2060 2130 2040 1140 | 1060 12 «96 
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BHJIaCb, OOHUOBKa BaJla H3 Hep KaBelolleH cTaiu epopMupoBaNacb HU COp- 
Balla 3aBapKy H BHHTbI, KOTOPbIMH OHa KpelHwacb K Badly. 

M3BecTHbI TakxKe CJly4av NpeKkpalleHHaA NOadH BOA B NOAWIMMHHKH Bclel- 
CTBHe 3aMep3aHHA BOAAHOTO TpyOonpoBosa. 

Ha nekotoppix TSC nocae 8—10 wer 9kciayaTalluu NOAWMNHAKOB HaGJ10- 
JalOCb B OTICJIbHbIX MeCTaX 3aTBeEPpeBaHHe Pe3HHbI H ee PaSMATUEHHE H OTCJIO- 
eHHe. ITH WeeKTbl HOCHJIM MECTHBIM XapakTep H He ABJIAJIMCb IPHYHHOM MpeK- 
palwleHHA SKCOIyaTawHH MOXMHMHHKOB. 

TOUHBIX JaHHbIX O CTENe€HH H3HOCA Pe3HHBbI BKJIadbila He uMeetcaA. IIpozou- 
MKUTeIbHaA pa6oTa pesHHOBHIX NOAWIHNHHKOB Ha JlHerporsce 6e3 BCAKOrO pe- 
MOHTa Kovie6uretca oT 3 706 net. Ha puc. I[X.19 noka3aHa KOHCTpyKTHBHAaHA 
CXeMa Pe3HHOBOrO NOMINNHHKa, a B Ta6m. 1X.2 — ero OCHOBHbIe pa3MepHl. 


HoqWwMnHnk C BKJabIWICEM H3 ApeBOnacTHKOB 


B oreyecTBeHHOM FHApoTyp6ocTpoeHHuW  MpPMMeHAJIMCh TakxKe HaNpaBJAlo- 
Wve MOJWHNHUKH C BKabillaMH H3 ApeBonsiacTuKoB (JICTI). Onucanue ux 
KOHCTpyKUHH MpHBeweHO B NepBOM H3,aHHH MOHOrpadun «HApoTyp6uHbI» 
(ra. IX). Ognako BcjeaCTBHe CKJIOHHOCTH JpeBONMaCTHKOB K pa3OyXaHHIo 
H CPaBHHTebHO OBICTPOrO pasOHBaHHA NOBEPXHOCTH MX SKCHMY aad OKasbl- 
BaeTCA B pawe CryuaeB HEHayexKHOH. [lostomy IA NOJIWHNHAKOB KpYyMHbIx 
TYPOHH HX NepecTanlH HMpHMeHATH, 


Tensosok pacueT HanpaBasiolwlero NOLMWANHHKAa 
C BOJAHOH CMa3KOn 


BemecTBHe MIOXOH TeNONMPOBOAHMOCTH Pe3SHHOBOFO BKJlalbIlla MOKHO 
CUHTaTb, YTO BCe OOpasyiouseeca NPH TPCHHH B NOMUIHNHHKEe Ten0 OTBOMUTCA 
BOJIOH. 

O6bIUHO BOA NOABOJHTCA K NOMMMNHHKY NOX AaBsenHem 0,5—2,0 KI'/cm? 
OT ABYX He3aBHCHMbIX HCTOUHHKOB. IIpu Ten/IOBOM NOWHMNHHKe Hao yu4H- 
ThIBaTh HCTOUHHKH, HMeIOWHe HaHMeCHbIIHH Haliop. 

Feau paqvanbuan Harpy3Ka Ha NoquiMNnHHK 6yzeT P, TO BCeKyHAY B NOL- 
IWHMHHKE BbINeIAeTCA meno. | KOJIHYECTBO Tera: 


—_ Pu. 
A= a7 Kaajcen, (IX.18) 


rye & — OKpy2KHad CKOPOCTb Bala B M/CceK; 
Wu — KOS@DPHIHeEHT TpeHHaA; 
427 — MexaHHuecKkHH 3SKBUBAJICHT Tena. 
STO KOJIMYECTBO Tella HarpeeT g JHTPOB BOJHI, NPOXOAAIHX Yepes HaNpas- 
JAIOWLMH MOAWHNHHK, Ha Af C, CneqoBaTenbHo, 


_ A _. Pup 
7 = yal = Biteyar 7°: 
re ¢ — TeNJIO@EMKOCTbh BOJbI B KKaA/K2° C; 
”Y — YAeCNbHBIH BeC BOE. 
OTKya BeJIHUWHAa PalHaibHOK Harpy3ku GOyAeT paBHa 
A, 
pa Piaey er. (IX.19) 
up | | 
YeIbHOe TWaBIeHHe Ha NOAUIMNHHK AHameTpoM d Hu AnHHON / 6yAeT paBHO 


P 427qcy At 


p= Gr = dius KI /om?. ([X.20) 


487 


Boga, mpoTeKarollaa vepe3 NOMMHNHHK Mp MpOTOUHOH CHcTeMe CMa3KH, 
lip aKTHUeCKH HarpeBaeTca Ha 3—5° C, T. e. 


At = tp — t= 3--5°C, (IX.21) 


rye ¢; — TemlepatTypa BOjbI Ha Bxogze B NOMA MHHK; 
t, — TemnepaTypa BOJbI Ha BBIXOJe H3 NOMMMNHHKa. 

Bennunua pacxofa yepes notmunHuk g (”/cex) NOXCUMTHIBaeTCA JIA BbIG- 
paHHOH KOHCTPyKWHH NOMMAHNHHKA C YYeTOM COIPOTHBJICHHA CHCTeMbI NOJ- 
BOJa BOLI H CaMOrO NOMUNNHHKAa AIA CyWeCcTByIoOlmero nepenala JaBlenuA 
OT Hauaa TeveHua Bomb! A (3a60p y ChupamH) AO BHIXOMa BOJbI B KamMepy pa- 
6ouero Koneca B (cm. puc. IX.15). 

Ilo ananoruu c dopmyson ra. VII qa ynaoTHenuA o604a padoyero Kovleca 
MOXKHO HanucaTb ooutyto opmyay WIA pacxoJa BOJbI vepes NOMUINNHHK 





OBE =V Sb ey Faby om 
noo {et DM aE) 
800 +. rie h,—cpa6aTbiBaemMbld Hanop Ha y4acTKe 
600 —— Tpy6onposoya oT A no B; 

Cd 


A; — KOsMPuUHeHT TPeHHA; 
24 6 8 10 1214 16 18g, n/cex l;, dj —JIuHa HU WMaMeTp COOTBETCTBYI0- 
_WIMX y4acTKOB CHCTeMbI TpyOonpo- 


Puce. 1X.20.Craruyeckan 3aBHCHMOCTbh Bona, | 

Pacxofa BOJbI JWId CMa3KH pe3HHO- /; — nOMalb coorBercTByromlero ceue- 

BOrO NOAUIMMHHKa OT WHaMeTpa Balla HHA, THe MWpOTeKaeT Boa, 

| SO C — Koadxpuunent MECTHEIX COIPOTH- 
BJICHHH. 


B npaktuke rugzporypOocTpoenua 3Hayenn A C, IPHHUMAIOTCA Ce IOULMMH: 


Bxol B TpyOompoBoe .......... 2... « 0,76 
-Komeno na 90°) 7 7 ww ee ee es 0,29 

» » 45° | ke ee ee ee ee 0,29 
SampuKKa «wwe eee ee ee 0,2 
@MUIBTP . 6. we ee ee ee ee ee 8,0 
CoJeHOHIHbIN Kanan woe ee eee ee ee ee ee 65,0 
Crpywuoe pene .. 2.1... . ee eee ee ee. 8,0 
Bxog B BaHHy NofulMMmHHKa .............. =1,0 


Tloqpo6ubii NpUMepHbIM pacueT pacxofa BOAHI Yepe3 PpeSHHOBLIN NOAWHN- 
HHK mpHBenen JI. [. Cmonsapossim [25]. 

Ha puce. 1X.20 noka3aHa 3aBHCHMOCTb pacxOfa BOI WIA CMa3KH HW OXJIaK- 
CHUA Pe3HHOBbIX NOAMWIMNHAKOB OT JMaMeTpa Balla NO JaHHbIM JJIMTeIbHOK 
9KCIWIYyaTaluu pajla Typ6uH. He culeqyeT NpHHHMATb pacxXO] MeHbINe JaHHbIx 
KpuHBon (puc. IX.20). 

SHaA pacxOA g, MOXKHO MOMCUMTATS yebHOe NaBIeHHe p WIA HOPMAJIbHEIX 
H PasrOHHEIX OOOPOTOB H CONOCTaBUTb NomyueHve BeJIHUHHbI C yCTAaHOBJIeH- 
HbIMH MpaKTHKOH YJCIbHbIMH AaBJICHHAMH B HallpaBIAIOUAX NOAMWANHHKAX, 
KOTOphie OO6bIYHO He mpeBocxogaT 5 KI/cm?. Pes3ysbTaTHI ComocTaBeHHA 
MOryT CJIYKHTb KPHTepHeM HasexKHOCTH TeMIOBOrO pacueTa. 

Harpysky Ha HampaBasiouuii NOXMHNHAK OT HeCHMMETpHYHOCTH MOTOKa 
MOXKHO OPHEHTHPOBOUHO OMPeNeATh, CCH 3a aTbCA THAPAaBMHYeCKOH HeypaB- 
HoBeeHHocTbio AM. IIpu rigpaBanueckoH HeypaBHOBelIeHHOCTH OT BeJIH- 
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WHHbI KpyTAWerO MOMeHTa TypOuHE!I B 2%, T. e. AM = 0,02 M, rane M — 
KPYTALUIHH MOMeHT TYyPOHHHI, 


M= 716,239" «rw x AM=19,48 “arm, 


n 





Cua, BbISbIBACMaH ITOABJICHHEM MOMEHTa, 


A 
p= 2” | 


r 





CleOBaTeJIbHO, 


N 


BewwunHy fr pHOaH2KeHHO MOXKHO NPHHHMATb paBHOH cpeqHemy payuycy 
OKPYKHOCTH, J@AIEMy TpOxofHoe ceyeHHe KoOveCca Ha PaBHble MouayH. 
SHauenve P MOXHO ONpeeHTb UW NO CrenxyiouleH OPHeHTHpOBOUHON (opmy.ule, 
NOJYYeHHOH MO JaHHbIM 3aMepoB HCNBTAaHHh TypOuH Ha HekoToppix TIC 


P=0,01nD,b, fy «I, 


rie Do, 6) — AHaMeTp H BbICOTa HanpaBaAAioulero anmapata BM, | 


Fuoaspa X 


BAJIbI THAPOTYPBHH 


1. OBLWIHE 3AME4UAHHS 


Pugpory pOukbl Malo HW CpeqHeH MOULHOCTH MPHMeHAIOTCA Kak C BEPTHKAab- 
HbIM, TaK H TOPH30HTAJIbHbIM BaJIOM. Basbl TOPH3OHTAAbHBIX THAPOTypOuH 
HeOOJIbIIOH MOLIHOCTH COeQHHAIOTCA C BaJIOM pereHepaTopa HH CO CTynHeH 
pa6ouero Koveca C NOMOLbIO PiaHla HW C MOMOUIbIO INMOHOUHOrO COeHHeEHHA. 
Y KpyNHbIX TOPH3OHTANIbHbIX rHApOarperartos Basbl COCMHHAIOTCA Mey CO6OK 
C MOMOL[bIO %KeCTKHX aHileB. 

DopH30HTaIbHBIH BaJl Harpy2KeH BeCOM BPAalllaloUlHXCH UacTeH, BbISbIBAaIO- 
UlHX H3rHO Balla, H KPYTALWIHM MOMEHTOM, TlepealollluMCA OT TYPOMHDbI K reHe- 
paTopy. Peakl\uvi BOB BBISLIBaeT, KpOMe TOrO, OCeBylO PaCTATHBAIONLy!O Ha- 
rpy3ky. TopH30HTa/IbHbI Ball OOBIMHO yCTaHaBJIHBaeTCA Ha JByX OMOpHbIxX 
NOJWH NHK ax. 

BepTuKaJibHbi BaJl HarpyxXKeH OCeBOH PaCcTATHBawwuleh CMON HU Nepesaer 
KPYTALIHH MOMeHT rHAporenHepatTopy. Ocepanx Harpy3Ka COCTOHT H3 Beca Bpa- 
WLaliOulHXCH YacTeH H OCeBOrFO aBJICHHA BOALI. Ban BepTHKaJIbHOH THAPOTyp- 
OHHbI MOXKET HCIbITHBaTb H OOKOBbIC Harpy3KH, BbISbIBAeMbIe HeOalaHCoM Bpa- 
WaIOWNHXCA UacTeH WJIHM HECHMMeTPHYHBIM MOTOKOM Bosbr, B mpomecce perysu- 
pOBaHHA B BEPTHKAJIBHBIX H TOPH3OHTAJIbHbIX BalaX MOryT BOSHHKHYTb Kpy- 
THJIbHbIe KOWeO6aHHA. B 3aBHCHMOCTH OT KOMNOHOBKH Bad ruaporeHepatopa 
MOXKET COCTOATh H3 JByYX YacTeH — TyPOHHHOTLO Bala HW reHepaTOpHOTO — HJIH 
43 Tpex “wacTreH — TypOHHHOrO, NpoMexyTOYHOrO HW reHepaTOPHOrO BaJIOB. 

B nocreqHee BpeMA NOABHJIHCh KOHCTPYKUHH BepTHKaJIbHbIX THAporene- 
PpaTOPOB C e€AHHEIM BasIOM, 4TO OOecleunBaeT MHHHMAJIbHbIe OCeBbIe Ppa3sMepHl. 

Ha puc. 11.11 noka3aHbI KOMNOHOBKH CyIIeCcTByIOWHX THApoarperaToB 
C pa3JIHYHbIM KOJIHUCCTBOM BaJIOB. 

[]puMeHeHHe WeJIbHOrO Bana ruspoarperata yJelleBIAeT KOHCTPyKUHI0, 
Tak Kak JIMKBHAHpyeTca wHuHee daanueBoe coequneuHe. TloceqHee oOcTos- 
TEJIbCTBO rapaHTHpyeT Take OT H3JIOMOB JIMHHH Balla, KOTOPble BPeAHO BJIMALOT 
Ha 9KCIWyaTalMOHHble CBOHCTBa ruypoarperara. 

OyHako, CCIM CXHHBIN Bal UMCeT OOJbILyIO AIMHY, IPHXOAHTCA MOBHIMWATb 
OTMeTKy MOMKPaHOBbIX TIyTeH, 4TOGbI OGeCNeYHTb BO3SMOXKHOCTb BbIeMa eFO 
H3 WaxTbI TypOuHbI. [lostoMy m0 yCOBHAM MOHTAKa H JCEMOHTAKa MOXKET ObITb 
esecooOpa3HbIM MpHMeHeHHe He eAHHOTO, a COCTaBHOrO H3 AByX UacTeH Bala 
c dlaHleBhiM coeqHHeHHem. 

PaHblle BaJibl BbIMOJHAJIHCb KOBaHbIMH H3 BbICOKOKaYeCTBeEHHOH yrsiepo- 
qucTonH ctranmH. B nocneqHee BpeMA YaCTO MPHMeCHALOT CBapHbie BaJIbl. 

Basibl KpynMHbix TypOHH BCerga HMeCIOT BHYTPH LWEHTPaIbHOe OTBeEpcTHe, 
KOTOpOe HCNOMb3yeTCA AIA KOHTPOJIA KauecTBa MaTepHala WH B MOBOPOTHO- 
JONACTHBIX TypOHHAaX AIA NOayH MaCJla K CepBOMOTOpy paOouero Koseca. 

Cnokofivjad uw HajlexHad pa6otTa TypOHHbI B 3HAaUHTeJIBHOH CTeNeHH 3aBH- 
CHT OT KaueCTBa COC HHEHHA BaslIOB MexK ZY COOOH H CONPAraeMbIMH JeTaIAMH, 
COOCHOCTH pa6OuHX NMOBepXHOCTeH Bala C TeEOMeTPHYeCKOH OCbIO, BeJIMUHHBI 
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3a30pa MeXKY BaJIOM U NOW MHAKOM TYPOWHHI, COOCHOCTH Balla pa6ouvero 
Koneca. JIMHHA Bala He JOKHA HMETb H3JIOMOB, 4TO 3aBHCHT B OCHOBHOM 
OT KavecTBa (laHweBoro coequHeHUA. IIpu MpOeKTHPOBaHHH Basia H ero Mpo- 
H3BOJCTBe Ha 3TO. Hao oOpamlaTb ocoboe BHHUM4HHE. 


2. KOHCTPYKUHA BAJA 


MourHpie Ty pOuHET, Kak IIpaBuJIO, paOoTaioT C MaJIbIMH 4HCaMH OGOpOTOS, 
MOSTOMY KPyTAULHH MOMECHT B HHX AOCTHraecT OOJIbIUHX BEIHYHH, TO NPHBOAUT 
K OOJbIOMy pa3sMepy Bala TypOuHEI. uamMeTp Baja HEKOTOPBIX TYPOHH jO- 
cTuraeT I,5 m, ano d@ianiy — cBblwe 2 m; AuHa ero Gomee 6 m, Bec KpynHoro 
Bala B o6pa6oranHoM Bue AoxoNHT WO 70 m. Co3qaHHe NOKOBKH TaKO"Lo Bawa, 
HMECIOMerO elle 6o0/IbuIHe pa3MepbI Hi BEC, Tpe6yeT OObiImHX MpOeccoB H COOT- 
BeTCTBYIOMeH MeTaJI1y pruyeckon 6a3bt. 

Ban BepTHKaIbHOH TyYPOHHbI OOHMHO UpescTaBaneT coOoh WHAMHApHyec- 
KY1O MOKOBKy C JIBYMA (plaHIlaMW Ha KOHILaX, C MOMOLLbIO KOTOPHIX OH OOuITaMH 


es 


on 
zg 
Og 


AS 





Prue. X.1. KOHcCTPpyKUHH COoeqAHHeHHA BaJOB:. a — WIMOHOUHOe; 6 — 
6oTaMH HW CPe3HHIMH KOJIbIaMH; 6 — NpHacOBaHHbIMH OoulTaMH 


CO@JMHACTCA C pa6ouum KOJICCOM H QiaHueM Baya reHepatopa. CoequHenne 
Bala C KOJIECOM BOSMOXKHO C MOMOULbIO WNOHKH WH rahku. Takue coequHeHHa 
MIPHMCHAJIMCh paHbiile Wake B KPyMHBIX TypOuHax. 

Ha puc. X.1 noka3aHbl pasH4Hble cNOcoObI coeqHHeHHA Bala “TypOMHEI 
c pa6ouumM KOJICCOM H BaJIOM reHepaTopa. 

Ban 6e3 tbaanya (puc. X.1, a). Takai KoHCTpyKuMA npuMeHseTca vuHOrAa 
B COe@(HHCHHH Basia C KOJIeCOM pau asbHo OceBOH Ty pOHHEI. Crynuia Koneca 
HajleBaeTcaA Ha KOHHYeCKYyIO WeHky Balla 2 u 3akpenAeTca Ha HeH WMOHKON 3 
Hu rahnkonw 4. OceBbie Harpy3KH BOCNPHHHMAIOTCA TanKOH, 4 KPYTALWHH MOMEHT 
nepejaetca wnHonkKOH. Iipw. Takow# KOHCTPyKUHH TeXHOJIOrM4eCKH CJIOKHO 
BbINOJHUTb Hapesky pesbO6nl GOJIbUIOTO WHaMeTpa H TOUHY!IO OOpaoorky conpH- 
KaCaiolulHXCA KOHMUeCKHX MOBepxHOcTeH. Tpe6yroTca 6ombumMe NpHroHOUHHle 
pa6OThI AIH OCYULeECTBJICHHA HaweKHOTO 3aKPeNJIeHHA KoOseca Ha Bally. 

CoelvHeHuA (1 aHlles C MOMOLI[bIO IIPOXOJHbIX OOJITOB WH CPpe3HbIX BTYJIOK 
(puc. X.1, 6). B sTo# KoHcTpykKwHH iaHub Balla TypOuHb / uw renepaTopa 2 
CoemMHAIOTCH Mex y CO60H OoJITaMH 3, CBOOOXJHO BCTaABJICHHbIMH B OTBepcTHe 
(branes. Borst BOCIPHHUMMAIOT TOJbKO OceBbie ycuuua. Jaa nepesauu Kpy- 
TALEO MOMeEHTAa CyKaT Cpe3sHble KOJIbILa 4, MIOTHO BCTABJICHHbIe B OTBEPCTHA 
(~uianues. Takai KOHCTpyKWHA IIPHHHMaslacbh paHee B HeEKOTOPbIX TypOHHAX. 
OcyuecTB1eHHe ee CJIOKHO B MpousBoncTBe HW Tpe6yeT JONOMHHTCAbHBIX WeTAa- 
eH. . 
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@D1aHlleBoe COCEAHHEHHE BaJIOB H Bala C pa6OUHM KOJIECOM C MOMOINbIO MpH- 
NaCOBaHHbIX OOTOB, paOoTaiollux Ha pacTaxKeHMe HM Cpe3, NOKasaHbl Ha 
(puc. X.1, 6). Sror BapHanHT HavOouee pacnpocTpaHeH BO BCex CTpaHax B pa3- 
AHUHBIX KOHCTPpyKWHAX TyYPOHH. BovTs! B WeEHTpabHOH 4aCTH HMeIOT TOUHO 
OO6paooTaHHbIH WaAHOBaHHHIM MOAC, BCTABJIAeMbIM B OTBepcTHe C HeOOJIbIIHM 
MHHHM@JIbHbIM 3a30pom (0,02—0,04 MM). Takouw 3a30p COOTBeTCTByeT Tlocayke 
A/Jl. Kak loka3am1 OMbIT OTeveCTBEHHOrO THApOTyp6ocTpoenuA, TaKaA KOH- 
CTpyKUHA OOe€CMeYHBaeT HaexKHOCTh GlaHWeBoro COeTHHEHHA MPH YCOBHH 
TOUHOFO WeHTPHPOBaHHA (aHUeB COMpATAaeMbIX eTaseH C NOMOLIbIO OypTHKa 
MH BbITOUKN (d,). A aToro WeHTpupyromMi SypTHkK OObIMHO OOpabaTEIBaIOT 
C JONYCKOM, COOTBETCTBYIOLNHM MIOTHOH mocayke J], HO Cc yueTOM JeHCTBHTeb- 
HOrO J\MaMeTpa BBITOUKH. Belrouku oOpa6aThIBaloTcA NO BTOPOMYy Kwlaccy TOU- 
HOCTH. JIA NJIOTHOrO COCPAMHEHHA MpHNacOBaHHbIxX OOJITOB Cc (biaHilaMu OTBep- 
CTHA B HHX OKOHUATEIBHO HafO OO6pabaTbIBaTb COBMECTHO B JBYX COMPAraeMbix 
WeTanAX C NOMOIIbIO Pa3sBepTOK. 

Ha Toplleppix COMpxraeMbIX MOBepXHOCTAX @iaHweB HE JOJKHO ObITb 
HHKaKHX BbilyKiocteH. BornyTocTb, ompemensemMaH c MOMOWbIO Wyma 
KOHTPOJIbHOH JIMHCHKH, JONycKaeTca B Mpeserax He Goee 0,03 mu aia qna- 
MeTPOB BaJIOB <_ 1 m, He Gonee 0,03 mm Ha 1 m QMamMeTpa NP JMamMeTpax BaJIOB 
> 1 mM. 

Buenve Hapy2KHbIXx TOPUEBEIX MmlocKocTeit ‘baannes 10 nepudepun jlonyc- 
KaeTCA JIA TuameTpa Bana WO 1500 mm ue Gonee 0,02 um. 

J[HameTp (bana clehyeT MPpHHHMaTb HO BO3MO2KHOCTH MAJIbIM, UTOOHI 
430eKaTb BOSHHKHOBCHHA H3THOalolluX MOMeHTOB. Bowbmioh WHametp cbianita 
OyeT TAKE BHISbIBATh 3ATPYAHCHHA MPH NPHTOTOBJeHHH NOKOBKH Bawa. IIpu 
3TOM pa3Mep Diana JOKeH OBIT HOCTATOUHBIM JIA PaCMOJORKeHHA OOJITOB 
HM OCYHIeCCTBJICHHA NIaBHOroO Nepexoya K Tey Bala BO u36eKaHHe H3MWHeH 
KOHIWeHTpalun HanpsaxeHui. [[pakTHkoh ycTaHOBJIeHbI caeny tourHe OCHOBHBIe 
COOTHOWICHHA JIA (IaHUeB WeJbHOKOBaHOrO Balla BeEPTHKaAbHOH THAPOTyp- 
OHHbI B COOTBETCTBHH c pue. X.]I, e: 


7imametp diana 2... . . we ee ee ee we ee ee Dp = (1,5+1,85) de 

» ORPyXHOCTH pacnojiowKeHHA OonTOB.....: . . .Dg = (1,30+1,45) de 
Tommuna mania .. 1. eee ee ee ee ee ee ee) = (0,2+0,27) de 
Jivametp lWeHTpupylomlero 6ypruxa oe . . . « dy = (0,9+1,0) dg 

» OTBepCTHA Bala noBopoTHosonacruol rypOuHEs . 2. dg =0,5dg 

» OTBePCTHA Balla pawWaIbHO-oceBoH TypOuHEE . . . . dy = 0,3d, __ 
Pammyc 3aKpyrvieHHaA . . 1. 1 ee ee ee ee ee eee et) 6 = (0,07+-0,1) ay 
Jivamerp Gontfa ..... 2... ee ee ee ee ee ee G6 = (0,10+0,17) dy 
Uucato Gomros: ; . : 
| dg = 250+800 ................ 06. . 26 10+14 

dg = 750+1600................... 26= 16422 


Ilo STHM COOTHOLICHHAM BbIONPAaIOTCA pasMepbl (uaHwa Bana u Oo/TOBOTO 
COC JHHCHHA, &2 3aATeEM PaCUeTHBIM NYTeM IIpoBepxAIOTcA HanpsaxKennA. Jina cBap- 
HBIX BaJIOB OOJIBIUHX Pa3MepOB, HMMeIOIMX Gomee TOHKHE CTeHKH, PeKOMeH- 
AY!OTCH COOTHOLMICHHA OCHOBHEIX pa3MepoB *laHila, IpHBezeHHbIe B Tad. X. 1 
(no MaHHbiM JIM3). [na ynaoTrHeuua NowocTu Baa, Korya B He HaxOJUTCA 
MaCJIO, MeKYy aHWaMH BaJIOB YCTaHaBJIMBalOTCA Pe3SHHOBbIe WHypbl. Ha 
puc. X.2 uw B Ta6m. X.2 NOKa3aHbl Pa3MePbl KAHaBOK JIA YMJIOTHUTeIbHOrO 
WHypa. 

Ha puce. X.3 10Ka3aH Bad MOWHOH BEpTHKaIbHOH THAPOTYPOUHbI! B CoesH- 
HeHHH C BaJIOM reHepaTopa HW KpbmIkKOH paOouero Koweca. | 

Ban TypOuHpt 3 umMeeT JuameTp d,s = 1400 mu u anuny 1 = 5195 mum. 
Hywxknnk (Plane Bana c nomMonutbio 18 npunacoBaHHbIx 6oTOB / AHaMeTpOM 
d, = 165, umeroujux pe3b6y 1MI160, npucoeguHaeTcA K Kpbllike pa6ouero 
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Ta6nuna X.l 


Pa3mepsl tbaanija TOHKOCTeHHOFO cBapHOrO Bata ~ 
Gt annem JIMS) © | 


d, Dy | t | Dé Zz | ds | Boar 


600 1000 150 820 | 12 85 1M80 
650 1050 150 870 16 85 1M80 
700 1100 160 920 16 85 1 M80 
750 1150 160 970 18 85 1M80 
800 1230 170 1045 20 85 1M80 
850 | 1300 170 1110 96 90 1M85 
900 i360 | 180 | 1165 20 95 1M90 
950 1490 195 1280 20 100 | 1M95 
1000 1570 210 1350 20 105 1M100 
1100 1650 295 1425 20 115 1M110 
1200 1830 240 1575 20 125 1M120 
1300 1940 250 1675 20 135 1M130 
1400 2070 260 1800 20 145 1M140 
1500 2160 270 1900 20 150 1M140 
1600 2330 280 2030 20 170 1 M160 
1700 |. 2450 | 290. 2140- 20 175 {M170 
1800 2600 300. 2280 200 -. 180 1M175 
1900 2710 310 =| ~— 2390 20 185 1M175 





2000 2860 320° 29515 20 195 IM190 


komeca. Tatiku 6onToB 2 BHINOHeHbI BOCbMUrpaHHbiIMu. ToAoBKu 6o.1TOB. 
rank 10 YCJIOBHAM TEXHHKH O€30NaCHOCTH 3aKPbIBaIOTCA Ppa3beMHbIMH KPHIILI- 
Kamu 4, KOTOpble KpenatTca K GouiTaM BuHTaMH //. Ban HanpaBaaeTca NoAMMN- 








@laHWeBOM coeHHeH HH MIpeycMor- | BR CLL 
peH YHJOTHHTeCIbHbIM pe3HHOBHIA OR RRER ERR 
WiHyp 5, Tak KaK BHYTPH Basa Haxo- RN QW \ 
HeHHe djlaHwa 6-Basla TreHepaTopa 
Cc @laHweM Bala TypONHbI. ocymuecr- ! N 

p yp Fron, DAS 

SN 

cTaBka Balla 10, KOTOpan HCMOIb- pyc, X.2. Pesnnosoe yioTHeHHe (bilanites Bata 
3YeTCA JIA NOABOLa MacJla OT MaCJIO- 
HalpaBjaioulve 7 C OpOHSOBbIMH BTYJIKaMH 8. BryJIkH 3aKpeliJleHbl B BaJly 
CTONOPHLIMH BHHTaMH 9. BTyAKM CLyKaT AJA HalpaBJIeHHA WTaHrH, M0 KOTO- 


HHKaMH C Pe3HHOBbIM BKJIaJ[billleM. , 
J{WaMeTpaJIbHbIii 3a30p MexKY BaJlOoM 77 ; . 
H MOJMIMNHAKOM 3alIPOCKTHPOBaH ZY ty Mi 
0,25—0,4 mm. | os 
Y weHtTpupylomero OypTHKa BO AEP Lc | . Yi 
BR TTL ARYL L 
5 oe ~K 
WY 
AHTCA nofaBaeMoe K pa6ouemy KO- Uf NX‘ 
Jlecy MacJliO TO, WaBuleHHemM. CoewH- a N 
BJIACTCA TAKHMH 2Ke OomTaMH. K KOH- REO SS MQ 
Wy Balla reHepaTopa KpenluTCcA Hal- ~~ X— : 
NpHeMHHKa TYpOHHHI. / - | 
B WeHTpaJIbHble OTBEPCTHA TYPOMHHIX HW TeHepaTOPHbIX BaJIOB BCTABJICHbI 
poH NOABOAHTCA MaCJIO K CepBoMOTOpy pa6ouero Kousteca. Baal TypOHHbI B MecTe 
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Ta6Oaunua X.2 


Pa3Mephl KaHaBOK JIA YNMOTHHTeIbHOrO LInypa 





de dis 
600—900 8 

950—110. 12. 
16 





CG NHN Ww TR 


R m 
4 ) 
4 2 
6 2 


| 1200-200 | ie | mt Lk 





(T 1k 
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Up, 





COMPHKOCHOBeHHA Cc NON- 
WIHMHAKOM OOHMOBaH JIH- 
cTamMH /2 u3 Hep2KaBelolleH 
cTtamv. B jaHHOM csjyuae 
cnenaHa cmmomHaa o67n- 
WOBKa Y MNOXUWWNHHKa 4H 
CallbHuKa. Bowiee wemecooo- 
pa3Ho oO6O1MLOBKy OKOJIO 
NOAUIMNHHKa H CaJIbHHKa 
BLINOJIHATb Pa3eIbHO, 4TO 
NOSBOJISeT B CLy4ae HeoOxo- 
JAMMOCTH HX PCMOHTHPOBATb 
pa3leIbHoO. ITO BaxKHO, Tak 
Kak OObIMHO OOJIHILOBKa 
y CaJIbHHKa H3HallMBaeTca 
Ooulee HHTeHCHBHO, 4eM 
y foqwaunHnka. | 

Ha pue. X.4° mokasaH 
yepTexK KOBaHOTO TYypOHH- 
HOrO BaJla CO BC€MH pa3Me- 
paMH Jin TYpOHH MOIIHO- 


—etbro 200 000 Kem. SToT Bad 


HMe€CT OTHOCHTEJIbBHO TOHKYIO 
CTeHKY, 4TO OOJIeruaeT Nowy- 
YeHHe LebHOM MOKOBEM. [le- 
pexoy K PlaHiy, HMeIOWLeMy 
SHAUHTebHO OOJIbIIY!O TOJI- 
IMHY, BbINOJHeEH KOHHUE- 
ckuM. TlouTu Bce moBepxHo- 
CTH BaJla, 3a HCKJIIOUeHHeEM 
weHKkH y MNOMMHMHHKa H 
CaJibHHKa, OOpabaTbipaioTca 
Now 3Hak V//, MOBepXHOCTh, 
compHkKacaiollaaca C BKJla- 
JbILLIEM MOAWHMNHHKAa H CaJIb- 


-HuKa, — OX 3Hak V/8. 3a- 


rOTOBKa KpyNmHoro Basia Cc 
JByMA (biaHwaMH HeyjooHa 


(WIA MNpOH3BOCTBa TIOKOBKH, 


Tpe6yeT MHOPO JIHIMHero Me- 
Tajla 110 KOHILaM Bala. Uem 
Oobulie pa3sMep AvameTpa 





Puc. X.3. Ban typ6uHbI c npH- 
COe@XHHEHHbIM BaJIOM reHepaTopa 4 
KPbIMKOH pa6ouero KOseca 





Nt WES 

















61920; 2=22 








Ket rae | 
Reasaes QMA WN i | 


| 


nll 

NS 

| 
OOF | 
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Puc. X.4. Kopaupiit pan d,== 1500 am 
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(ilaHia M0 OTHOWICHHIO K JHaMeTpy BaJla, TEM XyKe MPOKOBbIBaeTCA MeTAaJII 
(puanua. Jia MOMyYeHHA KOHCTPYKUMH C WeIbHOKOBaHbIMH ()laHWaMH MOKOBKH 
Baia JOJKHbI HMeTb OO/bIIOH MpuNnycK Ha OOpaGborky. 

C yBeH4eHHeEM MOLJHOCTH TYPOHH OObIYHO 3HAUHTe/IbHO BO3PacTaloT pa3- 
Mepbl HM Beca BaslOB arperaTa, a BMeCTe C TeM H TPYAHOCTH H3FOTOBJIeHHA HX 
B BHJe WebHOKOBaHOH KOHCTPyKUMH. YBeHYeHHe pasMepOB KOBAaHOr"O Bavla 
IIpHBOAUT K BOSPacTaHHlo BeCa CAUTKA, HEOOXOAMMOTO JIA NOMYYCHHA NOKOBKH. 
Ho MaKCHMaJIbHbIM BeC CJIHTKa OrpaHHYHBaeTCA MOWLHOCTbIO KPpyMHOFO Mpecco- 
BOrO O6OpyAOBaHHA, EMKOCTHIO CTAaJleN/aBHJIbHbIX Neuve, a TaKKe rpy3onob- 
CMHOCTbIO KpaHOBOrO OOOpyAOBaHHA H BO3MOKHOCTAMH BHYTPH3aBOACKOrO 
Tpancnopta. B KpynHOH 3aroTOBKe 3aTpyfHeHa KauecTBeHHad MOKOBKa Meé- 
Tala, OCOOeHHO BO duanHwax. B pesyipTaTe BHYTPH (pblaHell MO2KeT HMeTb 

j axe HTY!IO CTPyKTypy H COoT- 

/ BeTCTBEHHO Oovlee HH3KHe MexXa- 

Po HuvecKHe cBOoncTBa. [losTomy npu 

: KPYHHbIX pa3Mepax esecoob- 

pa3HO IIPHMeHeHHe CBapHbIX Ba- 

JOB U3 MpOCTHIX 3aroTOBOK — 
Tpy6bl MW ABYX anes. 

Ha pue. X.5 nNOKa3aH cBap-- 


J 
5 


h. 





TE LER RE EERE SD! 


| HOH BaJl MOWHOK TypOuHE. Bepx- 
HHH duane Balla 7, OTMHTHIA H3 

S CTaJIH MOBbILMEHHOTO KauecTBa, 
S ; HallpHMep MapraHleBHcTOKpem- 


HucTOH Tuna 20ICJI, ¢ nomomtbto 
39JIEKTPOUIIAKOBOH CBapKH IIpH- 
BapHBaeTcCA K IHAMHIpHueckon 
o6euaixe 4. O6eualka MoxKeT 


2 ObITb KOBaHOM HIM Ke CBapeH- 
Lp 6! HOH |MpOO/IbHLIMH IBaMH 3 


a 
ABYX |KOPBIT H3 JHCTOBOH CcTaJiH. 


Dy K o6eyanke CHH3yY C MOMOIILbIO 

Puc. X.5. CsapHot pan dg = 1600 mm SMEKTPOWNAKOBOH CBapKH IIpH- 

BapHBaeTcCA HHKHUH (cplanen 6, 
OTJIHTHIM H3 TOM 2%Ke cTatH. B JaHHOH KOHCTPyYKUMH HM KHHH dane Gowee 
pa3BHT, 4eM BepXHHH, H KpeNHTCA MpAMO K UWIMHApy cepBomoTopa pa6o- 
yeroO KOJIeCa, 3AMeCHAA KpbILIKy. Hapyxuplh Quamerp duanua D,, paBeH Ha- 
Py2KHOMy JHaMeTPy WHAHHApa cepBomoTopa paG6ouero Koweca. IIpu TaKkon 
KOHCTPYKUHH CoeqHHeHHe (blaHwa Bala C KPbILIKOH cepBOMOTOpa pa6ouero 
KOJIeca JIHKBHAMpyeTca, 4TO TaeT CYWIeECTBEHHYIO 9KOHOMHWO MeTAJIa WH YIIpo- 
[waeT TeEXHOJOrHIO NpoHsBorcTBa. IIpH KoOBaHBIX BaslaX IPpHMeHeHUe aHaJo- 
rH4HOH KOHCTPYKUHH OFpaHH4HBaJIOCb BO3MOXKHOCTbIO MOJYYeHHA MOKOBKH 
Balla Cc d~uaHwem Ooubuiero AMamMeTpa. Takue BaJibl IMPHMeCHAIOTCA JIMIIb Tas 
TYpOHH cpeAHHX pasMmepos. 

B cBapHblxX BaJlax 3TO OrpaHHuenne oTnaaeT. []pHmMenenve CBapHblX BaJOB 
leslecoo6pa3Ho HM C SKOHOMH4eCKOH CTOPOHbI. Tak, HallpHMep, comocTaBjeHHe 
Pa3JIMYHbIX BapHaHTOB KOHCTPYKUHU BaJloB TypOuHE! Bpatckou TIC — kosa- 
Horo (O6blMHOrTO HM TOHKOCTeHHOTO) HW CBapHOoro — MOKa3aso, YTO AWA U3ro- 
TOBJICHHA OObIMHOTO KOBaHOrO Badia AHamMeTpoM 1500 mm TpeOyeTca CAHTOK 
BecoM 223 m, TOHKOCTeHHbIH KOBaHbIM BaJl TpeOyeT caHTKa B 200 m, T. e. OH 
Oojlee 3KOHOMHYeH. KoBaHan Tpy6a 1A cBapHoro Bala HoTpe6yeT CAHTKAa Be- 
COM TObKO 105 m. DTOT BapHaHT MO CpaBHeHHlO C LebHOKOBAHbIM aHaJIOrHy- 
HbIX pa3MepoB JaeT cOKpallleHve pacxola MeTatma Ha 30%. CyulecrBeHHo 
CHH2KaeTCA H CTOHMOCTb H3FOTOBJIeHHA. B culydae IpHMeHeHHA CBapHoH TpyOpl 
BMe€CTO KOBaHOH TPYAOCMKOCTb MeXaHHyeCKOH OOpa6oTKH yMeHbIllaeTca Ha 
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25%. Sto JocTuraeTca 3a cyueT yMeHbUIeHHA IIpHNyCKOB Ha Tpy6e, CBapeHHoH 
H3 JIHCTOB. 

Ha pune. 11.23 noka3an cBapHOH Ball C pasBHTBIM HH2KHHM (pulaHueM, 
(i PHMeCHeEHHbIN Ha NOBOPOTHOJIONAacTHOHK TypOHHe MOULHOCTHIO 29 000 Kem c AHa- 
MeTpoM Kouieca D = 5,0 m. Ban TypOHHbI CoeqwHeH C BaJIOM TeHepaTopa 
C HOMOIIbIO MpHMacOBaHHbixX OOJITOB, BXOAALIMX B OTBepcTHe, a C IHJIMHIpOM 
cepBomoTopa paOoyero KOsIeca — C MOMOLMLbIO NPOXOAHHIX GOOJITOB, CBOOOAHO 
BCTABJIACMbIX B OTBeEPCTHe, H WHAHHIpPHyeCKHX LWITH@TOB. OTBepcTHaA AAA 
WITH@TOB pasBopayHBalorca OMHOBPeMeHHO BO *uaHue H WHAHHEpe cepBo- 
MOTOpa. 


OOHWOBKa BaJa 


O6O1HuUOBKa Tela Bala B MeCTe YCTAHOBKH NOAWIMNHHKa MpHMeHAeTCA 
IipH BOAAHOH cMa3Ke. OHa peOXpaHAeT Bad OT KOPpO3HH, KOTOPaA MOXKET 
6bITh OCO6EHHO HHTCHCHBHA IPH Ppe3HHOBbIX BKaapuuax. Haxoqauneca B pe- 
3HHe OpraHHyeckHe COeAHHEHHA Cepbl CMOCOOCTByIOT KOPpO3HH Bawa. 

OQOHMOBKa Bala MOXKeT BbINOJIHATbCH C HOMOLULbIO OpOH3O0BOH pyOaUlkH U 
43 HepxkaBerouleH cTamu. IIpu o6munoBKe u3 HSpOH3bI BOSMOXKHO XHMHYeCKOe 
B3aHMOJleHCTBHe MeKAyY HeH H pe3HHOH, 





oco6eHHO eCH MOAWIHOHHK HW OOMHUOBKa Ta6auna X.3 
He Bcerfa NOrpyXeHbl B BOY. | Pasmephi OONHHOBOK Basa 
B orevecTBeHHbIX KOHCTPYKUHAX, Kak = 
IipaBHo, MpHMeHAeTcA OG/HILOBKa 43 5 Tonmana oGanuoBKH 3 
oJ 
JIMCTOB Hep2KaBelowleH cTalH ayCTeHHT- oO. 5 a3 8 
. wo ons 
HOTO KJlacca Mapku IXI8H9T (Oo, = 2 SEs 
g a 3 Tlocae a ME 
= 58 «KI/mm’); 6, 20 «kI/nmm*? 6 = 5 o6paGorKn| 3aroToRKa BSS 


—40%), KOTOpy!0 MOxHO cBapHBaTb 663 
moforpeBa, MpHBOAAUeroO OObTHHO K_ lo59400] 5,5. 10 





10 
BHYTPCHHHM HalipAKeHHAM. _ 
Ha puc. X.3 u X.4 noKa3aHa o6sH- 450—980 6,5 10 . 


IOBKa BaJla H3 JIMCTOB Hep KaBelolen 600-2000) 7,5 10 
cTaH. O6MI0BKa Bala B 3aBHCHMOCTH 

OT ero HaMeTpa COCTOHT H3 HeCKOJIDKHX 

CefMCHTOB, CBapHBaeMbIxX BCTHIK. Ilo .1HHe OHA TakKe MOKET ObITb H3 LeJIb- 
HbIX HJIM CTbIKOBaHHbIX JIMCTOB B 3€BHCHMOCTH OT JJIMHbI NOAWIHNHHKAa H pa3- 
MepOB JIHCTOB. SaroTOBKa JHCTOB OOJIMMOBKH OObI4HO HMeeT IIPHMycK NO 
TOMULMHE AIA TocnenLyiouleH O6paGoTKH AMaMeTpa OONHUOBaHHOrO Bala. Cer- 
MeEHTbHI OGJIHILOBKH C MOMOIIbIO CMeIHaIbHbIX CKOO CTATHBaIOTCH Ha 
Bally H B TaKOM COCTOAHHH CBapHBaloTcA MexLy COOOH SIEKTPOOM, OOLIMHO 
MMCIOLLUM TY Ke MapKy MeTaJia, 4TO HW OOHUOBKA. Jia yuliero NpHieraHHa 
K BaJly JIHCTbI OOJIMILOBKM TIPHBapHBaloTCcA K BaJly C NOMOML[bIO 9/IEKTPO3akJe- 
nok (puc. X.3, 6). War Mexay 3aknenkoH NPHHHMalOT PpaBHbIM IIpHMepHO 
200 um. B ra6a. X.3 NOKa3aHbl TOJUIMHbI OOJIMIOBKH AIA PasHbIX pasMepoB 
Baja. HejocraTKOM KOHCTPyKUHH OOJIMILOBKH ABJIAeTCA TO, 4YTO B CJLy4ae H3- 
HOCa, P€MOHT HH 3aMeHa ee TpeOyeT CHOMKHBIX TPyYAOeMKHX paodorT. 

B mpakTHKe H3BeCTeH CJly4ah 3aMeHbI OOJIMIIOBKH HeNMOCpeCTBeEHHO Ha 
PSC. Hosaa o6muuoBka Oblia 3apaHee H3rOTOBJeHa Ha sapoye H NpHrHdna 
K CielHalbHoMy OapaOaHy, 3aMeHAIOWeMy eHCTBHTeIbHbIM Bal TypOHHHI. 
Mexanuueckyto O6paboTKky OOAHIOBKH Ha OapaOaHe HPOH3BOAMJIH C yueTOM 
(bOPMYAPHbIX Pa3SMEPOB, COOTBETCTBYIOWIHX H3HOWIEHHOH OOHWOBKe. Ha Ban 
OOJIMMOBKa yCTaHaBIHBalach HU 3aBapuBadlacb Ha TDC. TlopepxuocTb wWeoB 
H SICKTPOSaKJeNOK 3allMPOBLIBAIACh BPYAHy!0, a NOBEPXHOCTb O6JIHLOBKH 
NpoBepsAsacb C MOMOLML[bIO WIaGJIOHOB HM JIeKaJIbHOH JIMHEHKH. Onepallua npoulia 
yauno, OveHve Baa arperaTa B 30He NOAWHNHHKa He NpeBbalO 0,1 mm. 
IIpHMeHaloTcA HW ApPyrve KOHCTPYKUHH OONHUOBKH Bawa. 
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Ha puc. X.6, a noKa3aHa CxXeMa CbeMHOH OOJIMUOBKH BaJla, IpHMeHAeMaA 
dbupmMou «<Suiep—Bucc» WA Bana Wuametpom d, = 960 mm. OOnuyOBKa Co- 
CTOHT H3 JByX MOJOBHHOK / H 2, COeEMHHACMBIX CHeMHaJIbHbIM 3€MKOM 3 B BHe 
KJIHMHa, KOTOPHIH omyckaeT cOopKy, pa3s00pKy H 3aMeHy NOJOBHHEI OOmH- 
IOBKH Ha Badly. TomiuuHa OOMMOBKH B 3TOM BapHaHTe B 4HCTOM BHJe paBHa 
3D MM. | 

Ha puc. X.6, 6 noka3aHa ApyraxA KOHCTPyKUHA CbeMHOH OOAHUOBKH JIA 
Bana d, = 1100 wm. B Heh noJOBHHKH OOMuOBKH | HU 2 COCAHHAIOTCA IPH 
MOMOULH 3aMKa 3, MMelollero @opMy JlacTOUKHHa XBOCTA. 

B polotbHOM HalpaBJeHHH pekycMaTpHBaeTcaA HeOOJIbINOH YKJION, 
B CTLIKaX M@KLy NOJOBHHKaMH JIA OOerueHHA COOPKH OOAHUOBKH yCTaHaBJIH- 
BaloTca ZyOoBble petku 4. IIpu cOopKe oOMHUOBKH NpeABapHTe/bHO CTATHBAIOT 
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Puce. X.6. CremMuble O61HIOBKH Bala: @ — BapHaHT PupMbI «Oulep — 
Buccs; 6 — Bapuant JIM3 


OaHaxKaMu, 3aTeCM Ha OHH CTHIK HaseBaloT 3aMOK 3 B XOJIOMHOM COCTOAHHH, 
a Ha JpyroH — mpesBapuTenbHO Harpeth Bo Temnepatyppr 300—400° C. 
Ilocme ocTbiBaHHA OH co3qaeT 3aTAr, OOecNeYHBaA MIOTHOe MpHxXaTHe OOsH- 
WOBKH K Badly. Ilocne ycraHoBKH OG6JIHMOBOK BCe BEpTHKaJIbHble CTBIKH (WHpH- 
HOH 0,0 mM) MOJKHbI ObITb TIMATeJIbHO 3aKaTaHbl, TaK KaK BbICTyMalollHe 
KPOMKH MOryT YXYAWHTb paOoTy NOAWMAHHKa H ABHTbCA NpH4HHOH ero 
TIpexKAeBPeMeHHOTO H3HOCa. OMNMCaHHbIe KOHCTPYKIWHH CbeMHBIX OOJIHNOBOK 
IWHPpOKOrTO TIpHMeHeHHA He TOMYAINIH BCAeEICTBHeE OObIIOH TpyOeCMKOCTH 
H3©OTOBJIGHHA 3AMKOBOTO COeAHHCHHA HW HaJIM4HA MPOMOJIbHbIX CTBIKOB Ha 
OOJIMWOBKe Balla, KOTOpble MOryT ObITb IPHYHHOH H3HOCa BKJaAblwia NOAWMNM- 
HHKa, HeECMOTPA Ha 3aKaTbIBAaHHE CTHIKOB. | 

Ha YpasbcKoM 3aBOe€ THApOMalllvH yCNeWIHO NPHMeHAAaCbh 2/IeEKTPOMe- 
TaJIH3alHA BaJIOB MaJIbIX H CpeMHHX TFHAPOTypOHH Hep mKaBelowleH CTaJIbIO. 
Iipu SseKTpoMeTaMNIH3alHH B IIEKTPHYeCKOH Ayre WWaBHTCA MpOBONOKAa H3 
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HepKaBelolleH CTamw MapkH OX18H9 u c nomombio crpyuH cxKaTOrO BO3SLyxa 
PaCNbIe€HHble YaCTHI[bl MeTaJJla MepeOpachipaloTcA Ha MOBeEPXHOCTb BaJia. 
Metasiv3auua OCYIeCTBIAeTCA C MOMOMLbIO ChelMabHOrOo MHcTOMeTa THNAa 
QOM-6 Ha TOKapHO-BHHTOPe3HOM CTaHKe. 


3. PACUET BAJIA BEPTHKAJIbHOA FHJPOTYPBHHbI 


Baa BepTHKaIbHOK THAPOTYPOHHEI ACIbITHIBAeT COBMeCTHOe JelcTBHe Ha- 
IIPAXKeCHHH PacTAKeHHA WH KPyyeHHA. 

OOpmHO Ha 3aBOaxX AHaMeTp Basa BLIOMpaeTcaA MO HOMOrpaMMe, Y4HTEI- 
BaolleH HallpAxKeHHA Kpyyenua. HanpaxeHua KpyYeHHA OMycKaloT 20 
Tmax = 450 xI/cm?,; 4TO COOTBeTCTBYeT IPH y4eTe pacTAKeHHA MPHBeACHHEIM 
HanpAKeHHAM MOpAAKAa O,, = 850+900 «I/cm?. Sarem Baa nmpoBepsetca 
C y4eTOM paCTATHBawllux YCHJIHH Ha MonepeyHbie H KpyTHAbHbIe KONeOaHHA. 
PacueT BaJla Ha NPO4WHOCTh NPOHSBOAHTCA Ha OCHOBAHHH TeOpHH HaH6o/biuUXx 
KaCaTeJIbHbIX HallpA2xKeHHH: KDPYTALUHH MOMeHT 


Mxp = 97400 ~ kP-cm, 
rye N — MOLIHOCTb, NepeqaBaeMasx BaJIOM, B Kem; 


fn — 4HCNO O6OPOTOB B MHHyTy; 
Hallps2xKeHHeE KPydeHHA B TejlIe Bala 





we Mxp 
=W,> 
I 4 44 
rye Wp = “eq; (de — 40) 
—_ S7AOONM IE 5 ripy a (X.1) 


mn (dj —d)) 
rae d,— uamMeTp Basa; 
d, — WHaMeTp OTBePCTHA Baia; 
HalIpAKeHHeE PACTAKEHHA B Tee Bala 


P 4P 


. = = > X.2 
P= P, +- G, 
rye P,—  ocepoe jaBleHHe BOJBI; 
G — Bec pa6ouero Komeca C BaJIOM; 
NIPHBeJeHHbIe HallpsAKeHHA 
o =Vo2+ 41, (X.3) 


Iipu paOore ruqpoarperata BOo3MOx%KeH aBapHHHbI pexKUM KOPOTKOYO 3a- 
MBIKaHHA B reHepaTope. IIpH STOM KpaTKOBpeMeHHO 3Ha4HTeIbHO (B 4— 
D pa3) BO3pacTaeT MOMeHT Ha reHepatTope. 

A. E. )KMyib 3aHMMaJICA TEOPeTH4eCKHM HCCeOBaHHeM YBeJIHYeHHA Ha- 
NPAKeHHA B Bale THAPOTYPOHHbI IPH KOPOTKOM 3aMbIKaHHH. OH ycTaHOBHJ, 
4YTO JONOMHHTeJIbHOe HallpxAxKeHHe Balla 3aBHCHT OT OTHOWeHHA b= st 


2 
rye J; — MOMeHT HHepiHH paOoyero koseca Typ6uHHI; J, — MoMeHT HHeEpLHH 


poTopa reHepaTopa. OO 

B BepTHKaJIbHbIX rHApoarperaTaX OOLI4HO MOMeHT HMHeEpILHH poTopa reHe- 
PpaTOpa 3HaYHTebHO MpeBOCXOAHT NO CBOeH BeJIHYHHE MOMEHT HHEpuHH pabo- 
wero KOJIeca TYPOHHBI. : 

SHauenHe p KoeO6aHHh B npegzenax p = 0,02--0,15, 66ubuIMe 3HaueHHA Us 
COOTBETCTBYIOT HH3KOOOOPOTHBIM arperaTaM c OO/bIIIHM pa3Mepom pa6ouyero 
Kouleca, Ilostomy 601buI0H MOMeCHT HHEPWHH poTopa reHepaTopa, AelicTBy10- 
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ulerO KAK MA@XOBHK, CrlaKHBaeT KOJIeOaHHA OGOPOTOB poTopa IIpH KOPpOTKOM 
3aMbIKaHHH, YMeHbIwad ero yYCKOpeHHe, a CPaBHHTeJIbHO MaJIbIH MOMECHT HHep- 
HH paOowero KoNeCa H€ MOXKET BbISBaTb 3HAUHTeEJIDHOFO 3aKPYYHBAaHHA Bala 
TYPOHHEI, BCJIEICTBHE “ero JONOMHHTebHOe HallpA2xKeHHe Balla TYPOHHHI OT 
MOMeHTa KOPOTKOrO 3aMbIKaHHA HeSHa4HTeIbHO H IPH YKa3aHHbIX 3Ha4eHHAX 
MOXKeT HE YYUTHIBATHCA IPH pacyete Basia TypOuHBI. 

Tiogcuerbl NOMOJIHUTeNbHOTO CKPYy4HBaIOWerO MOM@HTA Balla Mp BYyX- 
(ba3HOM KOPpOTKOM 3aMbIKaHHH MOMKHO IIpOH3BOAUTb NO dbopmyuie 





: } — _{|@. 
20 Qs __ Oy . Qe : 
@, ._ ( Im sin o,f | _(2#\* _ (= 2 sin wl + 1— (22) sin 2of ; 
1 G4 ) @ 
rye M,,— HOMHHaJIbHEIH MOoMeHT; M, = 0,974- 10° ; 


J, — MOMEHT HHeEpwHH potopa ruyzporeneparopa; 
J» — MOMeHT HHepuuuH paboyero KOoJleca TypOHHHI; 
@®,— COOCTBeHHaH YacTOTa KPYTHJbHbIX KoJeOaHHH Bawa; 
o — uacTota ceTu (314 1/cex); 
Qo, @, HO. — Mapamerpbl, XapakTepHs3yloulHe OGOMOTKH rHaporenepa- 
Topa, [35]; 
n — 4YHCO0 O6OPpOTOB B MHHYTY; 
N — MOULHOCTb B Kem. 


@®janell Baa 


@MjaHell Basia THAPOTYpOUuH paccuuTHIBaeTCA NO POpMy1aM, NIpHBeACHHBIM 
Bru. V. Panel, Bana paccMaTpHBaeTCA KaK yIpyraA KOJbWeBaA MacTHHKa, 
cCOlpsxkeHHan OO6O0"KOH NO BHYTPeHHeMy Kpaio H CBOOOAHO Aedopmupyto- 
waaicd NOX ReHcTBHeM paBHOMepHO pacipeyeteHHOH NO Hapy2XXHOMY Kpalo 
Harpy3ku. Ja BaJIOB, Y KOTOPbIX TOJIMMHHA CTCHKH OO/IbINe TOJMIHHEI PulaHita, 
T. @. g>=t (puc. X.7) BAHAHHeEM AesOpMalHH WeHKH MOXKHO npeHedpe4s. 
Pacuert Ha NpoOunocTb TakOro *Pblahlla CueLyer NPpOHSBOAMTb TOJIbKO NO payHaJb- 
HbIM Hallps2KeHHaM. Jina gTorO Cy4aA opmy 161 Waters u Taylor mpuso- 
WATCA K clelyroulemy Buy [116]: 

paqHaJbHble HallpaAKeHHA 


Pp Fy . | | | 
G, = a+ AF; (X.4) 


TAHTCHUHAJIbHbIC HallpAKCHHA 


0 = 0,30, (1 + A), Oo _(X.5) 

rge pacuetHoe ycuue P, paBHO 
Fe | 
= a (P, + G), -(X.6) 


F,, F., Fs — KoadpunnenTnl, ompesxensemple rpaduKom (puc. X.7); 


A = 0,506 (—)' V £2, 


Syecb z — KoOs*pHUHeHT, 3aBHCALWIHH OT JJIHHbI WH AWaMeTpa Bawa 
- (puc. V.43), 4H BanoB TypOHH NpHHHMAIOT z = |; 
1,13, Tep, tf,  — pasMepbl *ianya B COOTBETCTBHH C puHc. X.7. 
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IIpH TOHKOCTeHHOM Basie rHApoTyp6uH, Kora g < ¢t, HavOO/JbIIHMH OKa- 
SbIBAIOTCA AKCHAJIbHbIe HallpAXKeCHHA O,, KOTOPble BLIMHCIAIOTCA MO dopMyue 


t 


O,= 0, (—)". —  (X.7) 


STH aKCHaJIbHble HallpAXKeHHA CeLyeT CIOXKUTb C HAalpAXKeCHHAMH pactTa- 
XKeHHA O,. CreqOBaTeIbHO, NPHBeAeCHHbie HalpsAX*KeHHA B BaJly B 3TOM CAyyae 
OyAYT paBHbl 


Onp = V (0, +.6,)? + 41?. (X.8) 

PacueT dlaHlia Bala MOXKHO BecTH H nO dopmyae C. I]. Tumomeuko, rue 
(blaHel, cunTaeTCA WecpOpMHPYIOWHMCA KaK XKECTKOE KOJIbUO, 6€3 UCKaKeHHA 
nmonepeyHoro ceyenuaA. Hapyx- 
Hbid KpaH KOJIblla paccMaTpH- 
BaeTCH CBOOOXHO ONepTbIM, a 
BHYTPeHHHH Kpah — COmpsAxKeH- 
HbIM C TOHKOCTeHHOH O6004KOH. 












k, (Waters u Taylor) 


Ko (Tumoulenrno) 


ie) 


_f 
lo 





22 24 26 30 x 
45 20 pth) ? 


Puc. X.7. K pacuery gsania Baga 


HamnpsxxenHe usru6a B ceuennu J—I (puc. X.7) 


3P p (71 — Fo) 
me X .9) 
d Trg? m nft\3.(n ( 
AEB (ye) (4) 
| Bro 
Hanpsxenne cpesa B ceyenuu /—I] 
BP p (71 — To) 1 

“arog? stim tC ECS (X.10) 

1+ -Fh+5- (=) mF) 

Bro 


Hanpsxenve u3srH6a Ha BHYTpeHHeM kKpae daaHua (TaHreHiHasIbHoe 
Hallp a2KeHHe) | 7 


O. = SP p (t1 — To) __ | + (X.11) 
mena) ees) a, 
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rye 
1,285 


V Btep , 


m Wn — TOCTOAHHbIe€, 3aBHCAMe OT mpou3BeqeHHA Bh (h — aAnuHa 
o6004UKH Bawa); 


— 
— 








P,= sore (P,+ 4). 


JI. C. SNOTHUK CONOCTABHA pesyJIbTAaTHI MOACYeTOB HalipAKeHHH BO Pianye 
Bala, NOACYMTAHHbIe 110 pasHbIM dopMyiaM. Jina conocTaBAeHHA PopMy bl 


ObLIH NpeACTaBJICHHI B Ce yIOUeM BHJe: 
oe CEPT TT ptt Waters u Taylor 


god | tt >, 
WEEE EEE ee 

cal i | tt tt 

“HW | ta=20) 4} ] C. Tl. Tumomenko 

Nees salt 

> 0 = k, 


SHaneHus ki uk, AA PasHbIX OT- 
HOWeHHH —~ MpHBeeHbI Ha puc. X.7. 


M3 stororp abu Ka BHJHO, 4TO pacxoxie- 

HHe MexyY pe3yJIbTaTaMH NOACTeETOB 

m0 o6e€HM OpMywlaM He MpeBOocxoyUT 

0 Ube 004 008 008 «OH Of &. ~T—8%. Vipwyem nogcuer C. I]. Tumo- 

Puc. X.8. Fpadbuk Kosdbunuentos KOHUeH- HICH KO Hact MCHpHlce SHaeHHe Hapa 

rpanuu *KeHHH. KauecrBeHHad KapTHHa Halpa- 

*MKeCHHH H3rHuG6a BAOMb TpyOuaTou YacTu 

Bala 10 O6€HM cxeMaM TlOuy4aeTcA OHHaKOBOH. B mecte nepexoya diana 

K Badly 10 payluycy KOHMeHTpalA OyJeT YBeEIHIHBaTb 3HaVeHHe HalpsaxKe- 

HHH OT Kpy4eHHaA. 

MaxkcuMaJIbHble KaCaTeJIbHble HanpsAx*KeHHuA OyAyT paBHbl 


T, = Gt, (X.12) 





rye a, — KosppHUveHT KOHIeCHTPallHH; OH 3aBHCHT OT OTHOIeHHA DWHaMeTpa 
(biaHia Baia K pawuycy 3aKpyraeHua. 
SHaveHhe KOSPDHUHEHTA KOHICHTPalluH G,, Hao OpaTb norpaduky puc. X.8. 
IIpu pacuere (bianues Bala NO YKa3aHHbIM POPMylaM He Y4HTHIBAIOT BJIMA- 
Hue OolToB. Boviropsie cBA3H @laHleB ABJIAIOTCA BaKHbIMH (bakTOpaMu 
yXKeCTOUAIOMIMMH CPJlaHUbl H CHHXKAIOUWLMMH HallpsAKeHuA usrHOa B MECTE CO- 
NpPAKeHHA (plana Cc BaJIOM, TaK KaK OOJITbI, MJIOTHO CTATHBAIOMIHe (pany, 
IIPeNATCTBYIOT CKLPYIHBaHHW MepHAHOHAJIbHOrO CeueHHA Clana. ITO oOcTos- 
T@JIbCTBO CTAHOBHTCA BaXKHBIM IPH pacueTe TOHKOCTeHHHIX BaJIOB, Y KOTOPBIX 
NIPHBeJeHHble HallpAKeCHHA MO ONMCAHHbIM PaC4eTHbIM CXe€MaM T1OJly4aloTcA 
OJIM3KHMH K lpezesy TekywecTHW 3a CUeT BLICOKHX H3rHOHbIX HallpAKeHHH. 

Y. Byros wa JIM3 npospen pa6oTy, yTOUHAIOWYy!IO BAMAHHe OoO/ITOBOTO 
coequHeHua (puc. X.9, a) Ha HampsaxKeHua B Hem [13]. Mm Onin paccmotpeubl 
jWBe pacueTHble CXeMbI (blaHweBoro coeqHHeHHA. B nepBo cxeme (puc. X.9, 6) 
OouIThI ObIIH c1a60 3aTAHYTHI, OCeBLIe HArpy3KH Bala NpHBOAWJIM K NOBOPOTYy 
MepHAHOHAaJIbHOrO CeveHHA Cana Ha yrou @ 6e3 HCKaKeHHA CCYCHHA 3a CUeT 
pacTaxeHHa GouTOB uM u3rH6a ceuenna /—!]. 

Bo stopoh cxeme (puc. X.9, 6) GonTH dianyeB Bala CO 3HaYHTeJIbHbIM 
IIpeCABapHTeIbHbIM 3aTATOM CUHTAIOT IIOTHO paCMOJIOXKeCHHLIMH NO OKPYyxX- 
HOCTH dulaHia. OceBan Harpy3Ka Ha BaJl NPHBOAMT K AesopMalluu MepHHO- 
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HaJIbHbIX CeYeHHH Paha, NOITOMY OH pacc4uuThIBaeTCA Ha H3rH6 KaK KOJbIe- 
Bad [acTHHKa, KeCTKO 3alleMJieHHaa M10. OKP Y2KHOCTH OouTOB x compaxkenHan | 
-€ o6o0n04KOH Ha BHYTpeHHem Kpae (puc. X.9, 6). 

Ilpu neppok cxeme usrHOalollH MOMeHT B CceveHHH I —I, “upHxonamuticn 
Ha eQHHMLY AIMHBI CpeMHHHOH OKPyXKHOCTH Bava, Gyner papen: 


1 — Fy (F2— Fs) 


My = (k — 1) T+F, + FF,’ _ (%.13) 
rye | 
b rs . 
| Bp 
Bag? 
= ora (2 + pf) (e—1)* 
roar (4) een 
: Biro =, 1 + Bt 
Fs =7 3 T—p?? = = thes, 
tp 
Ys = Brop @-+ BA) 
a) 6) p> io 
7; | 
ry U9 
ij 
ral 





RR 
1 


Puc. X.9. K pacyety nana Balla C y4eTOM GonTOBOro CoexHHeHHA: a — Gone SaTAHYTH c1a60, 
ulaHell cBo6oqHO MosopauHBaetca; 6 — GonTh ator NAOTHOe cOeqHHeHHE daHen qecopmu- 
pyetcs 


Usru6arouue HanpaxKeHHA B ceyeHHu J—J 6yayT ‘paBHEt 


6M7 
a 





0; = 


Hisru6atoulMii MOMeHT B WHJIMHpHyecKOM ceveHHy II—II naunua, ocna6-— 
JeHHoro GouTamu, 6yjeT pasex 
M,= F,(M, + F;P), —(X.14) 
rae ne | 


Fe= 3a (— 4?) . den (r1 — rs)? 
6 2irg—dgn = | "Bet (2+ ey , 


F.- pB'g? 
7 “[2n (1 — p) 
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P — ocepan Harpy3kKa Ha Ball; 


- 


3 (1 — p*) \: 
B= V/ 7 rHOKOCTb O6004KH (Basa); 
cp 
wu. — Koaddbunnent Ilyaccona; 
lon — PaaHyc cpeqHeH MoBepxHocTH O6oOM04KH,; 
Fs — miollalb ceueHun Oo1TAa; 
ft — KOMHU4eCTBO OOJITOB; 
{ — paOouan 2aHHa OOVITOB; 
dg — Quametp OovTa. 
OctasbHbie o603HaYeHHA — pa3Mepb! diana BaJla — COOTBETCTBYIOT 
puc. X.9, a. 


Msrn6atouywe Hanpaxenua B ceuveHnu //—IJ/I/ OyayT paBHbl 


6M71— | r 
Oo, = a (X.15) 
rye 
bh 2irs 


2~ Onrg— den” 


Bo BTropow cxeme u3ruOaiouluH MOMeHT B ceyeHHu /—I/ paBeH 


P »—fs 
M, =~ Abe, (X.16) | 
| (=) fa-+ fs 


fy = Brep (2 + BA); 
fo=ks—l +2In=; 


rye 


f2 
is 30 — We Te @ FBO 


fa Ri(1 +p) +1—p:; 
fs = (1 — Ri) (2 + Bo) Prep’ 
ky =Tep- 


Moment B ceyenuun J/—IJ papeu 

My = p- + (fe + 2M) fr | (X.17) 
rye 

fe= In Ki (1 +p) +1; 


ki 
h= Bp) tie * 


Jia COnmocTaBeHHA pe3SyAbTAaTOB MOAcyeTOB nO qdopmMyaam Waters u 
Taylor, C. IJ. TumouleHko wu m0 MeTOAy Cc yaeTOM *XKeCTKOCTH OOTOBOrO Kpeli- 
JleHHA, Upeqowennoro A. ¥. Byropsim, nocseqHHH MponsBed NOACUeTHI HaNpsA- 
2*KeHHH u3srH6a pH TOJUIMHeE CTeEHKH Balla g = 50+200 mm AA OHOH H TOK 
Ke ocepot Harpy3kH P = 900 T nu n = 20 06/mun pH caezyiomHx pa3- 
Mepax duanua: 7, = 1400 mu; rs = 1250 uu; r, = 1050 um; t = 200 um; 
i = 400 um; dg = 160 mam. 
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Pe3ybTaTbl pacueTOB MpescTaBleHbl B Bue rpapuKoB Hua puc. X.10. 
Kpupaa / — 3HaveHHA HallpsKeHHH, NOMCUNTaHHDBIe 00 copmy.iam Waters u 
Taylor; kpuBax 2 — no d@opmyae C. I. Tumomenko; Kpusbie 3 u 4 —c yue- 
TOM 2K€CTKOCTH OOJITOBOFO COeEAHHEHHA NO MeToxy, Wpeqowennomy A. Y. Byro- 
BbIM (KPpHBax 3 — AIA Cyuan, Korga GonTOBOe coelMHeHHe 3aTAHYTO C1a60, H 


KpHBaa 4 — IIpH MAOTHO 3aTAHYTBIX 
Oomtax). M3 rpadukoB caefzyer, 4TO “TART 
PANT TT 
INN 
i 
N\ 









OT TOJIMLHHbI CTeHKH Bala, 4eM OHa 
MeHbuIUIe, TEM OOJIbIUe HallpxxKeHHA. 

Kpusple 3 uw 4 fatoT MOUTH NOHYIO 
He3aBHCHMOCTb H3rHOaloulNx HalpsAxKe- 
HHH OT TOJMHHbE CTeHKH Basa. Kpu- 7 
Bbie / H 2, C OAHOH CTOPOHbI, HM KDpH- 
Bbie 3 u 4, C Apyro, 3Ha4HTeIbHO G5 
pacxoqATcA Mexy coOoH. STo pacxo- 
*KTeHHe TEM OOJIbIIe, TEM MeHbIIe TOJI- «0 
I\MHa CTeCHKH BaJla. YueT BUHAHHA g mm 
OoITOBOTO = Coe HHEHH YMCHbUIaeT =puc. X.10. Hanpsoxenve usru6a B ceue- 
pacueTHy!0 BeMUHHY M3rMOHbIX HallpA- wun /—/J Bana, MoqcuwTaHHOe pa3HbimH 
X2KCHHH, OCOOeCHHO MPH TOHKOCTeHHbIX cmoco6aMi 
Bavlax. 

B JIM nposozuancb SKcnepHMeHTabHble UCCIeAOBaHHA HallpsAx*KeHHOrO 
COCTOAHHA MOJeeH TpyOuaTbIxX BaJIOB NPH pa3HbIX 3HadVeHHAX KosdpulnenTa 
3aTdra OOJITOB. OKCNePHMeHTAJIbHLIe JaHHble yNOBJeCTBOPHTeIbHO COBMaalior 
C MaHHbIMH pacueToB A. Y. Byrosa. Bo diane Bata JOMycKaloT palvasbupie 
H TaHreHiHabHble HalipaxeHuaA 20 700—800 KI/cm?. 


NG 


~~ 






4. KOMEBAHHSA BAJA 
flonepeunbie Kone6aHHa Basia 


Bpattaoujuiica Basi Ip HEKOTOPbIX KPHTM4eCKHX CKOPOCTAX, IPH KOTOPbIX 
YHCO OOOPOTOB Bala B CeKYHAY paBHO ¥acTOTe COOCTBCHHLIX KoNe6aHuii Bava, - 
MOXKeT CTaTh AHHAMHYECKH HeEYCTOHYHBbIM HM HavaTb CHJIbHO KOMe6aTbcaA. Ilo- 
NepedHbie KoOJleOaHHA MOTYT BO3HHKaTb BCJIEACTBHe HapylwieHHi CHMMeTpHu 
MarHHTHOH HHAYKIMH poTopa reHepaTopa, HeOCTaTOUHON OaslaHCHpOBKH Bpa- 
UjajOuULHXCAH YACTeH poTOpa arperaTa HJIH HECHMMETPH4HOCTH NOABOA BOJHI. 

B ruaporypOocrpoeHuu mpH onpeseneHuu 4aCTOTHI OCHOBHOFO THMa Koue- 
OaHHi CIO%KHOH CHCTeMbI NpUMeHAeTCA NpHOmM2xKeHHEIN Meton C. I. Tumo- 
II€HKO, KOTOPHIM IIPHBOAHT K (*hopMywle WIA “WaCTOTHI KOMeGaHUii 


/ ed Pui (X18) 


p= 9? 
» P iW; 
CJICHOBATeCJIbHO, 
Kp TL V YP iy; . 


Hi3 sToH POpMyJIbI BHAHO, YTO JIA BLIYHCMCHHA YaCTOTbI HEOOXORMUMO 3HaTB 
cTaTHyuecKHe HpoOrHvonl y; B TOUKaX NpHwiexanua cu P;. Jaa noycueros npo- 
rHOOB BaJIOB C PpaSHbIM KOAHYeCTBOM ONOp H CHI Ha JIM3 Oblan paspa6oraHbl 
COOTBETCTBYIOWHe HOPMaJH. OHM IPHBeeHbI B NepBOM H3aHHH MOHOrpadpun 
H. H. Kosasesa «Cugporyp6uubp. 
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KpyTHJbHble KONeO6aHHaA Bawa 


Moment Ha.BaJly B polecce peryMpoBaHHA MOMKeT H3MCHATHCA B 3aBHCH- 
MOCTH OT ero Harpy3KH. CooTBeTCTBeHHO OyeT MCHATLCA BeJIMYHHA ya 3a- 
Kpy4HBaHHaA Bada. IlepHogquueckoe H3MeHeHHe yrvla 3aKpYYHBaHHA Basa MOKET 
BbI3BaTb KPYTHJIbHbIe KOJeOaHuA Bana. Jina mpocrehiuero cry4aa cTepxKHA 
(Bala), 3ae@NaHHOrTO C 'OMHOH CTOPOHbI HM HMelouero Maccy C MOMeHTa HHep- 
uuu J Ha APyroM KOHIe, ypaBHeHHe KOMeOaTebHOTO ABHKCHHA HMeeT BHA 
J£2 4 kp =0, — (X.20) 
rie @— yro 3aKpy4HBaHHA Balla; 

ko — XKCCTKOCTb Balla. 

Tlepuoy co6cTBeHHbIX KOeOaHHH Ty 
paBeH 


T Tt 
T > = 2m Vz = 27 Vir (X.21) 


roe / — qauHa Bala; 
G— MOAyb yupyrocTH Basa IIpH 





Kpy4eHHH; 
Jp — NOApHbIM MOMeHT HHepIlLHk 
Bava. 
Puc. X.11. K pacuery pana ua Kpyrums- “AHCIO komeOaHHH B CeKyHAy paBHO 
Hble KOjle6aHHA => 
fp=a a= V OM. (X.22) 
9 T 9 271 Jl 


Jlia cyan Balla C JBYMA JHCKaMH Ha KOHIax, YTO COOTBeETCTBYeT CXeMe 
rujipoarperata, HMeIollero Ha OJHOM KOHUe Basia paOouee KOIeECO H Ha Apyrom 
poTop reHepaTopa, KOHUbI Bala Np KoONeOaTeIbHOM ABHKeHHH OyAyT 3akpy- 
UHBaTbCA B pasHble cTopounl. Ha Bany OyyzeT ceyenHe — y3e kKouleOaHHH, © 
KOTOpoe TIpH KONeGaTebHOM ABHXKeHHH OyeT HeMOABHXKHDIM (puc. X.11). 
PaccMaTpHBaac y3e/1 KaK MeCTO 3aJ/@IKM Bala, H YAUHTHIBAA, ITO AHCK OJHOBPe- 
MCHHO IIpOXOAHT Yepes NOJOKeHvE PABHOBECHA He3aKPYYeHHO!LO Basa WU Yepes 
mouox*KeHHve ero HaHOo/ibwieH JecdbopMallHH, NOJy4HM paBeHCTBO 


Jl, __ V 2 
2n GI = 2" VY Gy? 








oTkyja 
J 
lL, = ——|. 
a dade? 


CieQOBaTeIbHO, NMepHOR OAHOYIJIOBOrTO KONeOaHHA CHCTeMbI BaJla C JBYMA 
AMCKaMH Ha KOHILax OyeT papen 


_ TiJal 
T = 2n | (Ja -+ Ja) GIp’ 


Uncao Kome6aHHh B CeKyHAy OyzerT 


—~t ot) Vf its) Os 
f=paaeV OS. (X23) 
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KputTHyeckoe HCO O6OpOTOB Bava 


30 GJ p (J, + J 
Nxp = OOF = OY Sete), (X.24) 
Tye J; — MOMeHT HHeplHH pa6oyero Koweca; 

J — MOMe€HT HHepliHH poTopa reHeparopa; 

/ — IpMBeqeHHad JWIMHAa Bavla. 

IIpH onpefenenuu KpHTaHueckux O6OpOTOB Basa ruypoarperata pu Kpy- 
THJIbHbIX KOJIeOaHHAX (puHc. X.11) 3Ha¥eHHe TpHBexeHHOH AMHDI Bana | 
OyleT paBHO 











d' de \4 
_—_ __ _ __ 8 8. 
1=L, at (1 a) +&() . (X.25) 
re 2 — 4uHco iaHies; 
ty — AuMHa Bawa; 
t — TOMUHHA PiaHia; 
d, — MaMeTp Bava; 
Ds — J\MamMeTp du1ania; 
{, — 2aMHa kopnyca kKovleca; ~ 
0 — payuyc HHepIWu Basa 
O = J18 (X.26) 


Qp. x’ 
re Q,.~.— Bec pa6ouero Koueca. 
MomeuT HHepuHH paG6ouero KOJIeCa NOBOPOTHOM OMacTH TYPOHHbI MO2XKHO 
MIpHOJHKeHHO OpeseuTb KaK CYMMY MOMeHTa HHEPLLWH LWHAMHApa (BTYyJIKH) 
H JMCKOBOrO KOJIbila (somactTel) 








Qer re. ZQn 2 2 
Jding=4,,t4,= 7 ‘> F gy 14.7. aM: M- COR, (X.27) 


rae Q,, — BeC BTYJIKH; 
, 7 Bec slomacTeH; 
'g, —- PaAWyc BTYJIKH kKoueca; 
Z2— 4nCcO MOnactTeH; 
fy... — Paluye WeuTpa TaxKecTuH sonacrTHu. 
MomexT HHepiuu poTopa reHepaTopa 


G 2 
Jy = 22 Mm. M+ CeK*, (X.28) 
4g 
rye GD — MaxoBoH MOMeHT poTopa reHepaTopa B um?. 
Tlo.ApHbIM MOMeHT HHeEpLLHH 


J, = —-(d, — 9). 


Benu4HHa KPHTHYeCKHX OOOPOTOB Balla OKA ObITb GO/bWIe MaKCH- 
MaJIbHO BO3MOXKHBIX Pa3rOHHbIX OOOpoTOB Bana Ha 1O—15%. IIpu stom cue- 
yeT UMeTb B BHAY, 4TO YTOUHeHHE 3HAYeHHA BeJIMYHHbI KLPHTHYeECKHX OOOpO- 
TOB 3a C¥eT yueTa NOaTHBOCTH ONOp, TrHpocKkoMmHyecKOrO MOMeHTa MIpH- 
COC€¢THHEHHbIX MaCC BOJbIl MOMET WaTb CHHKEHHE MAKCHMAJIbHHIX OOOPOTOB 
Ha 20—25%. 

Tloppiuenuble KONeOaHHA Bawa MOryT BHI3BaTb NonepeyHyloO BHOpalluto 
onop rufpoarperara. 

IIpakTHkKOHW ycTaHOBJIeHb! CeLylOllHe JOMYCTHMbIe iA HOPMA@JIbHOM 9KC- 
MwyaTaiyuv HOpMbl BHOpalluH onop ruyApoarperaToB B 3aBHCHMOCTH OT 4HCMa 
OOOpOTOB H KOHCTPyKTHBHOH CXeMbI MaluHHbI (Tab. X.4). 
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B cilyuae NOBbIMeCHHBIX BHOpalHi AOJOKHEI ObITh YCTAHOBJICHbI H YCTpaHeHbt 

MX npHanub. Tloqmmnunku ruypoarperatTos oGecneyHBaloT HOPMAJIbHYIO 9KC- 
IyaTaHio JIMIb YpaBHOBelIeHHOrO poTopa 6e3 CyIMeCTBeHHbIX BO3MYIILalolllux 
CHJI SIEKTPHYeECKOTO WAH THApaBAHYeCKOTO MpOHCXOKAeHHA. BelacHenue MpH- 
YHHbI NOBLILICHHOrO 60x Balla H BHOpalMH ONOp arperata HHOrAa WpelcraBaerT 
CJOMKHYIO 3alauy, KOTOPY!O MPHXOANTCA pellaTb MyYTeM CHelHabHbIX HCCJe- 
NOBaHHH Ha padoratouleM arperaTe: Ha XOJIOCTOM XO,y C BOON, 6e3 BOLI IpH 
paOoTre reHepaTopa CHHXPOHHbIM MOTOPOM H, HaKOHell, NpH paOoTre reHepa- 
TOpa CHHXPOHHbIM JBHTaTeleM CO 

TaOnuna X4 cugrpim padounm Konecom. Ha mpa- 

MonyctuMas jeoknad amnaMTy_a BHJIbHYyIO paOoTy poTopa arperata 
nonepeyHok BHOpauHH onop ruspoarperata CyllecTBeHHOe BUIHAHHe OKa3bIBaeT 
KaueCTBO NPHUeCHTPOBKH H ciapu- 





BeprukasbuHe rugpoarperarth 


KH JJHHHA Balla NpoBepsetcs c no- 
MOULbIO CHeCMHaIbHbIX CTpyH JH 
C OTBECaMH MpOBOpOTOM poTopa arpe- 


THna 


THila 


a! 
me 
. Teueparo SS BaHHA *laHueB BaJIOB reHepaTopa 
CxopocTb paTop =o 
ppaiten uy | ——| 35 H TypOuHbl. O6bMHO NocsIe LeHTPOB- 
B 00/Mun | 1 yPOHHE! |sonTuaHoro al & 
BecHOTO os 


peraThl 





62,5 | 0,090 |; 0,090 | 0,125) — rata. Bo BTOpoM cjly4ae poTOp NOBO- 
83,3 0,075 0,075 |0,115) — paunBaroT Ha 180° uw 3amepaioT co- 
100,0 | 0,070 | 0,070 |0,110} — OTBETCTBYIOWIHe paccToAHHA Cc no- 
150,0 0,060 0,060 | 0,095; — cone HEAHKATOPOB. TakoH MeToy, 
187,5 | 0,050 |) 0,050 0,090} — | Js cpaBHUTeNbHO THXOXOAHEIX 
214,0 | 0,045 | 0,045 | 0,085) 0,085) typ6uH craruueckan O6alaHCHpOBKa 
300,0 |; 0,040 0,040 | 0,075/0,075| O6bI4HO ABAAeETCA JOCTATOYUHOH IA 
375,0 0,035 0,035 |0,070|0,070| HOpMasbHOH paooTh arperata. Ecau 
500,0 | 0,030 | 0,030 |0,065|0,065| 2% OKasbiBaeTca, 4TO BHOpalMA 
500 0 7 a — loogo| CHOPHEIX 4acTeli rumpoarperata sB- 
JIACTCH CeICTBHEM HeypaBHOBeLleH- 
750,0 — — — |0,055) wocrm Macc, NpHxo_UuTca apH6eratb 
1000,0 — — — | 0,050 


K JHHaMuyecKkOoH Oamancuposke. I[lo- 


CJI€HHIOIO HaHOosee Wemecoo6pa3Ho 
, IPpOH3BOJHTb Me€TOAOM TPeX ITyCKOB, 
3aKJIOUaIOILHMCA B TOCI€ROBaTeIbHOM KpelWleHHH K poTopy mnpodHoro 
rpysa P,) B Tpex TO4UKAX, paCHOMORKeHHEIX NOX yraom 120°, u_ coor- 
BeTCTBCHHbIX 3€MePpaxX JBOHHOH aMMIHTyAb BHOpanHH pw. Cnoco6 ocHoBaH Ha 
TIPCANONOKeHHU, ITO AMMJIHTYZa BHOpauHH H3MeHAeTCA MpPOMOpIUMOHAaIbHO. 
BeJIHUHHaM BO3SMyIalomux cH. Q, Ry, Re, Rg, by ba, Pe, Ys, THe Q — BosMy- 
Iaioulad CHJIa OT H@ypaBHOBeLIeCHHOCTH pOTOpa, BbISbIBaIOlad BHOpalHy 
aMILIMTyAbI U; R,, Ry, Rs — BOSMyULalolive CHI OT NpoOHOro rpy3a, moce- 
OBaTeIbHO IIpHsO%KeHHaA K POTOPY B Tpex TOUKAX NO yrsiom 120°, Bo B3aHMo- 
WeHcTBUH C CHIOH Q BbISbIBaIOWHe COOTBETCTBCHHO BHOpallHH aMIVIMTYA py, 
Uo, Wg. SHaA 3HaveHHe Py HW 3aMepAA BeJIHUHHE! [y, oe, Us, WPAKTHUeECKH ONpe- 
eNAAIOT BEKTOP HeGaslaHca, KOTOPbIM MaeT HanpaBseHHe MH BeJIHYHHY, HeEOOxo- 
AuMorOo OalaHcCHpoBodHOrO rpys3a. 


5. PACYUET BOJITOB ®JIAHWEBOrO COEXHHEHHSA 


B npakTuke rHuaporypOocTpoeHHaA pHnacoBaHHble OOJITHI MpHMeHAIOTCA 
H3 BbICOKONMpouHOH cramH 40X. Onn 3aTaruBaioTcaA OOBIMHO C TaKOH CHVJION, 
KoTOpan O6ecneuHBaeT HalpsAxKeHHA 3aTATa B GoTax 0, = 1500+ 1800 KI/cm? 
H IIPeCBOCXOAHT BHEIIHIOIO pabouylo Harpy3ky upHMepHo B 2—3 pasa. IIpu 
9THX YCJIOBHAX OCeBad Harpy3Ka Ha Baal He MOMKET IIPHBeECTH K PaCKPbiTHIO 
CThIKa MexKIy dianwaMHu. JA KOHTPOA HeOOXOAMMOH 3aTAKKH OOJTOB NpH- 
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MCHAIOT CNeWHaJIbHOe H3MEPHTeJIbHOe YCTPOHCTBO, MOKa3aHHoe Ha puc. X.12, 
KOTOpoe 3aMepHeT yAIMHeHHe OOJITOB HHAMKaTopaMH. B ieHTpaJIbHOe OTBep- 
cTHe OouITa 2 BCTaBAAeTCH cTepsKeHb /, 3aKpelJICHHbIN Ha HHKHeEM Tope 
6outa. Ha Apyrom kone OosITa 3aKpenvieH uHAUKaTOp 3. BenmuunHa yauHe- 
HHA OosITa 6 OnpesemneTcCA NO NOKa3saTeAAM HHANKaTOpa AO UW Nocwe 3aTAKKH 
OovlTa HW yCTaHaBJIMBaeTCA NO PopMyuie 


$= um, 


roe / — 2inuHa OouTa: 

O — HalipA»KeHHe pacTAKeHHA; 

E — MOAYJb yIIpyrocru. 

BesH4uHHa HauaJIbHOTO 3aTAra MOKET KOHTPOJIMPOBATbCA HU MYTeM MpesJo- 
weHHoro A. Y. ByroBbiM 3aMepa KpyTAero MOMeHTa Tp 3aBHHYHBaHHH 
raHKW TPH NMOMOMLM CielMasIbHbIX TaPHPOBOUHHIX KOVeH HAH 3aMepa yrvia 
moBopota TaHKH. 

aa dlanueBoro COe@qHHeHHA Bawa 
C KPBILNKOH paOouero KOWeca MOBOPOTHO- 
JOMAaCTHOH TypOHHbI BO H30e%KaHHe Mpo- 
TeyueK MaCJla H3 WHJIMHIpOB cepBOMOTOpa 
oTBepcTHe B OoTe ciemyeT enaTb He 
CKBO3HBbIM, a OCTABJIATb BHH3Y HeEOOJbIUOH & 
HeIIpOCBepJICHHbIH yu4acTOK H KpelHTb 
K H€MY H3MeEPHTeJIbHBIN CTePKeHb. 

IIpu ocepoH Harpy3Ke P, eHcTBytO- 
WeH Ha BaJl, OceBoe yCHIHe, TeHcTByroulee 
Ha OHH OOJIT, C yueTOM 3aTATa paBHO 


1,7P 
=> 


zZ 











Lo 


LLL 








aS 








SX, 





Wiel 
Vx 


rae z2— 4nci0 OoOuITOB, 
1,7 — KostQuWHeHT, YAHTHIBAIONINH 3a- 
TAL GOOJITOB. 
Ycuune, cpesaroulee OOJIT, paBHO 


—_ 2Mkp Puc. X.12. TIpucnoco6enne Aa KOH- 
0 7D6’ TpoA cTeneHH 3aTHra GOOITOB 


rie D;— WamMeTp momo0KeHHA GOVJTOB. 
Hanps2KeHhe pacTaKeHHA B OCaOsIeCHHOM: CeyeHHH OouTa 


Q  1,7P-4 6,8P 





6, = = =a X.29 
2h Fy znd; nzd ” ( 
rye dy — AMameTp ocia6meHHOoro ceyeHHaA. 
Hanpsxkenne B NpumacoBaHHoH uactTu GovrTa: 
pacTakeHHa 
5, = Oo _17P4 _ _6,8P 
= Fe nzd? nzd? / 
rae /, — MouWatb OovlTa B NpHmacOBaHHOH YwacTH; 
cpe3a 
P» __ 2M xp4 _. 8Mxp ; 
= "Fy Zp_nd) ~ meDyd’ (X.90) 
6% 6 
CMATHA 
2 
o,=—2 Mp (X.31) 
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JTIPHBEJCHHBIC 


,oP M 
o=Von +40 = 1/2 44S (X.32) 
made nzD de | 
JlonycKaroTca culeqyioulMe BeJIHYHHEI HallpsAxKeHHH B OomtTax (B KI/cm*): 
IIpupemenuple . . . .. 2... ee ee eee 1000—1200 
PactameHHA . 2... ee eee ee ee ~ 900—1000 
Cpesa . 1... eee ee ee ee 400—450 


Pacuet raiikn (bianuesoro coeqnHenua. Harpy3ka, AelicTByr1ollad Ha raliky, 
C yueTOM 3aTHTra, paBHa 












1,7P 
Qo — 2 
oS 
Ky 
13 TT 
4 | CC TT 
PT el eo 
yg | ool | | ot | | | Peet tT tt 
PET TTT ET ee 
eA oe 7 
, +> P 


to Decree 


ff {2 13 14 15 16 47 18 19 20 & 


PacueTHoe ycuulHe, MeHcTByroulee Ha rahky, 


__ Doe — dep __ (Doc — dep) P 
Peace = S — dep Q=1,7 (S — dep) z 4 


rie d.,» — cpeqHHH JMameTp pesbOnl; 
S — pa3mMep IO KJII0G; 
Doe — AMaMeTp OKPYy2KHOCTH, TIO KOTOPOH TpHvwoweHa oceBaaA cua, 
2 2 
S?4 da 
2 


3necb d, — AuamMeTp OTBepcTHA BO cbiaHue. 
TaHreHiWaJIbHble HanpAxKeHHA 





P pace __ Ry (Doc — de )P 
=k = Lay (X.33) 


rae H — Bplcota rank; 
k, — KoxPPHUHeHT, 3aBHCALIMH OT OTHOMICHHA - (puc. X.13). 
Qcp 
HanpsxenHe Np CMATHH Topiia ranku (puc. X.12) paBHo 
Qo _ 6,8P 
“Tyo UN 6m (82 a 
-=. (s? — d) nm (S* —d5) z 


0g = 


(X .34) 
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Halipa2KeHHA, BOSHHKalollve B pe3bOe ravKH, PpaBHHl: 





u3ru6a 

0, = 0,9 fe = (X.35) 
cpe3a 

t= (X.36) 

CMATHA 

og = wai ya = desta (4.37) 

rye ¢ — Bbicota mpoduia pesb6ul; 

a= aT WHCIO HHTOK pe3bOnl; 


S, — war pe3bobt. 
B rake QonycKaloT HalpsKenHe Ha u3srH6 u cmaTHe Topua 700 KI/cm?. 


Tunaspa Xl 


BCTIOMOFATEJIBHOE OBOPYJOBAHHE 





1 MACJHONPHEMHHK H WTAHIH 


Macao K cepBomMoTopy pa6ouero KOJIecCa NOBOPOTHOMONAaCTHOH TypOuHbI 
nofwaeTcH H3 MaCJIOHANOPHOH yCTaHOBKH Yepe3 3O0NOTHHK, pacioJIoKeHHbIA 
OOLIYHO B KOJIOHKE yYIpaBJIeHHA peryATOpa HAH BO3Me Hee. KosoHKa yupaBiie- 
HHA peryJATopa yCTaHaBJAHBaeTCaA B MallIHHHOM 3aJle THApocTaHUHH. OT 30- 
JIOTHHKa K Bpalllaloulemyca CepBOMOTOpy pa6oyero KOvIeca MacJIO NOX WaBuJie- 
HHeM NofaeTcA 4wepe3 MACONPHeMHHK, KOTOPbIM OObISNHO pacmOJlaraeTca Hay 
reHepaTOpOM H OXBaTHIBaeT BpPaillalolulvecn TpyOuaThle WTaHrH, NpOXxoALMe 
BHYTpH nNoworo Bawa K WTOKy cepspomoTopa. JIlonocTH Tpy6uaTHIx wraHr 
COCHHAIOTCA C COOTBETCTBYIONIHMH MOJOCTHMH WHIHHOpa cepBomoTopa. 
Yepe3 MaCIOMpHeMHHK OCYIWECTBIAeCTCA OTBOJ, MaCJla H3 CepBOMOTOpa H TIpo- 
Teyek H3 MoocTH pa6oyero Kovleca. 

Ha puc. X.1 noka3aHa CxXeMa MaCJIONpHeMHHKa H IITaHrH padouero Koseca 
TypOuHE! Bommckonw TOC um. JienuHa. MacnonpHeMHuK mpescTaBsset cobon 
(bacOHHbIM KOHHYeECKHH KOpNyc 2, yCTaHOBJICHHbIH Ha BO3SOyAHTeNe reHepaTopa 
H pa3eJIeHHBIH Ha OTJCIbHbIe KaMepbl WIA Maca. BHyTpH Hero HaxOAATCA 
HallpaBJAlolve WIA TOMOBKH WTaHrH 3, COCTOAWeH H3 JBYX KOHICHTPH4HBIX 
Tpy6, COeqHHeEHHBIX CHH3y OOM dulaHuem. CBepxy K TOJIOBKe WITaHrH NpH- 
coeyHHAeTCA TpaBepca J, C NOMOLLbIO KOTOPOH OCYILeCTBAeCTCA CBA3b WITAHTH 
C TpOCOBOH NepewaueH BbIKIIOUATeIA H BANHKOM IPHBOa cCMelWabHOro reHe- 
paTOpa 9IEKTPHYeCKOH CBA3H C PeryAATOPOM; WTAHTH COCTOAT H3 YacTeH 5, 7 HU 
9, COCPAHHEHHBIX laHilaMH. Pa3beM WITaHr Ha TPH YacTH HeEOOXOMM, TaK Kak 
BaJl arperaTa TOKe COCTOHT H3 Tpex uacTeH: AByX BaoB (TypOHMHHOrO HU reHe- 
paTOpHoro) H HajcTaBKH Bawa. B calyuae IebHOrO Bala WTaHra TOKe MOKET 
ObITb IL@JIbHOH. 

Kaxkjaa 4acTb WTaHrH COCTOHT H3 HapyKHOH cTasbHOH TpyOn J/ 
MameTpomM 426 mm wu TonuMHOH 14 mm, BHyTpeHHeH 1/2 JuamMeTpOM 
245 mm v4 TOMMLMHOH 10 mm, IpHBapeHHblx K dbuiaHuam 8. BsauMHoe nosomeHne 
Tpy6, Kpome Toro, @ukcupyertca BHHTaMH JO. K HapyxHOK Tpy6e NpHBapeHEl 
WHIHHApHyeckHe HanpaBJsaioulMe 9, CKOJIb3AuLHe MO OPOH3OBLIM BTYyJIKamM 6, 
yYCTAHOBJICHHbIM B BaJlaX BO3JIe TWIOCKOCTH pa3bemMa dianues. Kab duanely 
WITaHTH HMeeT ILeHTPaJIbHOe OTBeEpcTHe H Npopesb 4, oOecneuHBalolHe Mpoxoy 
MaCJla ¥epe3s MlaHIleBoe COeCHHEHHE. 

Ilocjie ycTaHOBKH WITaHTH B Basle OOpa3syloTca TpH MoNocTH a, D uc AAA 
mpoxojya Maca. | 

Tlonoctb @ M@XxKy BaJIOM H HapyxXHOH TpyOoH wraHrH coeqHHAeTCA CO 
CJIMBHOH KaMepoH MaCJIONpHeMHHKa H CJLYKUT WIA pasrpy3KH BHYTpeHHeH 
nojoctu paOouero Kosieca. [lonoctu b u c, o6pa3s0BaHHbie Hapy2XHOH H BHYy- 
TpeHHeH TpyOaMH IWITaHrH, CAyKaT JA NOABOMAa Maca B pa3Hble MOJIOCTH 
ceppomoTopa. Hapepxy OHH COeAHHAIOTCA C HaNOpHbIMH KaMepaMH MacJO- 
II1pHeMHHKa. 
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33 H. H. Kosanes 


KoOHCTPyKUHH MacJONpHeMHHKOB 


Ha puc. X1.2 noka3aHa pahee NPHMeHABLUAACA WIA KPYNHbIX FHApOTyp- 
OHH KOHCTPyYKILHA MaCJIONpHeMHHKa. | | 

MacnonpHeMHHK COCTOHT H3 OCHOBaHHaA J, MpescTaBsatoulero coOoH UH- 
JMHIpHuecKHH pesepByap, SABJIAIOULMHCA CJIMBHOH KaMepoOH KOHHYeCKOrO 
Kopnyca 2 c ABYMA KaMepaMH JlaBJIeHHA, WH HafcTaBKH 3. BHyTpH KaMmepbl u 
HalcTaBKH MpPeNyCMOTpeHbl BTYJIKH, HalipaBAlolwve TOJOBKH TpyOuaTor 
WITaHrH 6, KOTOpan BBepXy COYWIeCHAETCA C PblyaroM OOpaTHOH CBA3H O. CBepxy 
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Puc. X1I.2. MacnonpveMHHK cTapoH KOHCTPpyKUHH 


HaJCTaBKH yCTaHOBJIeH TeHepaTop 4 3eKTPOIIpHBOa K peryaATOpy. Tako 
MaCJIONPHeEMHHK HMeeT OOJIbuIHe raOapHTbI, OCcOOeHHO BbICcoTy H, H3-3a NO- 
CJICNOBATeJIbHO paCNOJIOMKCHHBIX KaMep JIA NOABOa H OTBOMa BObI K CepBo- 
MOTOpy, HMelOlleMy OO/bINOH XOX. 

CoBpeMeHHan KOHCTPyKILHA MAaCJIONPpHeMHHKa, MMelollero MeHbwWHe raba- 
pHTbI, WOKa3aHa Ha puc. X1.3. MacnonpHeMHHK COCTOHT H3 HH KHeH BaHHbE! J, 
ABJIAIOULCHCA OCHOBaHHeM, M Kopnyca 2, HMeIOMerO NPHAHB WIA MpHcoesnHe- 
HHA HanOpHblxX TpyO, NpHMbIKaloOwlHX K KaMepaM D uc. Ha HanopHom naTpyOke 
lipexycMoTpeH MaHomeTp 3&3. IlomocTh a coeqvHeHa CO CJIMBHbIM pesepByapoM 
MaCJIOHANOpHOH YCTaHOBKH H ABJIAeTCA GesHanopHoH. BHyTpH HH KHeH BaHHbl 
HMeeTCA FOPJIOBHHAa, K KOTOPOH MOAXOAWT MaCOOTPakKaTelbHoe Kobo 10, 
co3qarollee WaOHPHHTHOe YNJOTHeEHHe WH NpeAOxpaHaAtollee OT NpoTeyek MacuJla 
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M3 pesepByapa Ha reHepaTop. BuyTpH kopmyca BTyKaMH 7 HarlpaBsaerca 
rovloBKa WWTaHrH, cocTroanen 43 AByx TpyO 6 u Y. Jina o6ecneyeHHA MHHUMAJb- 
HbIX BbICOTHbIX Pa3Me€POB MACJIONPHeMHHKa IPH CYWLeECTBYIOLIEM GOOJIbILIOM 
XOZe WTaHri, ®KeCTKO CBASAHHOH CO IITOKOM CepBOMOTOpa, B KOpllyce Macuio- 
NPHeMHHKa ycTaHOBJieHa Tpy6a 8, Ha KOHWG KOTOPOH HMeeTCH HalpaBJAlo- 
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Puc. XI1.3. CoppemMeHHbId MacJIONpHeMHUK 


ULHH OYpTHK, OXBaTbIBalOIMH TpyOy 6 TOMOBKUH LWITAHTH HM OTAeAIOULHH Ka- 
Mepy D OT KaMepbl C, KOTOPbIe B MPOTHBHOM CJIy¥ae MOrIH Obl COOOWLAaTbCA 
yepe3 padHaJibHble OTBEPCTHA B rOOBKe WTaHrH. CBepxy K ToJIOBKe WITaHrH 
mpukpenena tTpapepca /6 (y3e1 /), KoTOpaH coeqHHAeTCH C BTYJIKOH 
WUTAHTH 25 Cc NOMOULbIO JBYX PpajWabHbIX WapWHKONOAMIMNHHKOB 1/7, 3aKkpemnJeH- 
HbIX KpbILIKOH /9 uw rankon 18. TpaBepca, mepemellaacb CO LITaHraMH, Cy xKHT 
WIA TIPHBOLa OOpaTHOH CBA3H C 30JIOTHHKOM, KOTOPaA B JaHHOHM KOHCTPyKIUHH 
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BbINOIHeHa B BHe TpocoBponw nepenaun 24. Ponnk nepengaun 20 (pa3pe3 no 
A—A) 3akpenen Ha ocuw 2/, ycTaHOBAeHHOH B KponuiTene 4. PomuK yctTa- 
HOBJIeH Ha WapHKONOAWIMNHHKe 22 H *UKCHpyetca KpblUKOH 23. K TpaBepce 
TaK%Ke.KpenutcaA ykasaTenb //7, NOKa3bIBalOWWHH NowowKeHHe MONacTeH pa6bo- 
yero KosIeca. Buytpu raiku /8 wWapHKONOAWIHNHHKOBOH TpaBepcbl pacnoso- 
2%KeH BaJHK 9 CO WIMWaMH. Ha Hero HacaxKHBaeTCA POTOP CNellMabHOrO reHe- 
paTopa dJIeKTponpHBogda K peryaTopy TypOuHE. IIpH BpaulenHu wiTaHru 
OyeT BpalllaTbcA HW BaJIHK C POTOPOM TreHepaTopa, OTpaxkan Bce KkoNeOaHHA 
yHca O6OpoToB pabouero Koseca TypOuHEI. LinuneBoe coequHeHHe MO3BOMHT 
rouJIOBKe UWITAHTH CBOOOAHO MepeMellaTbCA MO BaJIHKY MPH JBHXKeHHU MOPIIHA 
cepBomoTopa. MacJIolpHeMHHK, UITaHrH UH MAaCJONPOBOAbI NMpeACTaBJAIOT 
COOOH 3aMKHYTHIH WIEKTPONPOBOAAMWIHH BHTOK, MepeceKalolwluH CTaTOp reHepa- 
Topa. Ilostomy B 3THX AeTaAxX OyYAyYT WHAYWHNpOBaTECcA Oy xalollyHe TOKH, 
BbI3bIBaIOWHe KOPpo3Hio Jetasieh. B cBA3H C 3STHM B KOHCTPYKIHH UH COeqHHe- 
HHH C MaCJIOMpoBowaMH HW NepeqauamMu MpelycMaTpHBaeTCA yCTaHOBKa H30/15- 
WHMOHHBIX TpOKJIaqOK H BTYJIOK. | | 

B paspese b—5 noka3aup npoksagkn /4 wu Bryaku 13 u3 TekcToJHTa 
y wmHaek /5 OCHOBaHHA MaCJIONI Pp HEMHUKa. B KOpMyce MaCJIONpPHeMHHKa 
NpelyCMaTPHBaeTCA CbeMHbIH JIOK, 3€KPbITHIM KpBILKOH /2. 

OnucaHHanw KOHCTPyKUHA MacJIompHeMHUKa Ha JIM3 HopMasu30BaHa 


(ra6. XI.1). 
Ta6nauna XI.1 


OcHOBHbIe pasMephl MaCHOMpHeMHHKa B AM 





J[wameTp. Hanop- Xox nopwHsa Jvamerp Baicota mac- | Jivametp oT- 
HoH Tpy6n /ivametTp UTaHrH | cepsomoropa OcHOBaHHA JONpHeMHHKA | BepCcTHA Basa 





100 159 205 1450 1205 230 


150 245 275 1750—2400 1445 340 
200 325 360 2900 1825 430 
250 426 460 3200 2155 590 


Byi6o0p MaCJIONpHeMHHKa MpOH3BOAAT NO BeIM4MHe CKOPOCTH MacJla B NOL- 
BOAAWeM TpyOonpoBore d | 
=>, (X11) 
roe F — paOouan naoulatb cepBOoMoTOopa pa6ouero Koueca; 

S — XO NOpuHs; 
t — BpeMA OTKPbITHA TYPOHHBI; 
F, — maouwjaib ceyeHuA NOABOAAUIero Tpy6onpoBora. 
Cxopocrs Vv ipHHuMaeTca 5—7 m/cex. , 

B cBxA3H C NpHMeHeHHeM B MOCeqHee BPeMA KOMMOHOBOK rHApocranuHuH 
OTKPHITOrO THNa 6e3 reHepaTOPHOroO 3a/1a NOABHJaCb HEOOXOAHMOCTD B HCIOVJIb- 
30BaHHH MaCJIONPHeMHHKa C elle MeHbINMMH BbICOTHBIMH pa3MepaMH JIA 
1osBOa MacJlia Yepe3 BePXHHH KOHell Basia. YCTaHOBHBUIHXCA KOHCTPyKUHA 
TaKHX MaCJIONMPHeMHHKOB, MpOBeAeHHBIX ONBITOM 9KCIJyaTallHH, MOKa HET. 
B KauecTBe MpHMepa BO3MO2KHbIX KOHCTPYKTHBHBIX PeleHHH B 9TOM HalipaB- 
J@HHH. mpHBefzeH pue. XI1.4, rae moKa3aH MAaCJONPHeEMHHK KOHCTPYKUUMH, 
aHaJOrHYHOH HOPMAaJIH30BaHHOM, HO HMEIOIIeH 3HaYHTeJIbHO MeCHbILIHe BbICOT- 
Hbie ra6apuTbl. 9Ta KOHCTPyKWHA pa3spa6oTaHa XTI3 ANA HanopHoro Tpy6o- 
mpopoza d = 250 mm u Hapy2KHOrO AMaMmetpa wraHrv d, = 426 mm. Buicota 
MaCHOMNpHeMHHKa Hal ONOpHbIM cbiaHwem coctaBsaseT Bcero H = 700 mm 
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BMECCTO BHICOTbI Y HOPMaJIM30BaHHOH KOHCTpyklunH H = 2155 mum, T. e. Gomee 
ueM B 3 pa3a MeHbile. DToro yAaeTCA AOCTHYb 3a CUeT BLIHeCeHHA BHYTpeHHelt 
"acTH MaCJIONPHeMHHKa BHHS, B NOOCTh Badia. MaconpHeMHHK pacnouox*KeH 
Ha KpecTroBHHe reHepaTopa. 

J\id TAKOH KOHCTPyKIHH OTBepCcTHe B Basie NOHAMOONTCA OoMbIUe, YEM AVIA 
HOPMaJH30BaHHOH KOHCTPYKIUHH, YTOObI MOXKHO ObIIO Pa3SMECTHTb B HEM NaTpy- 
OOK C HanOpHbIMH KamMepamyu Db uc. B AaHHOw KOHCTPyKIHH B BepXy FOJOBKH 
IITAHTH HeEOOXOAHMO KpelJieHHe JIHMIb AIA MpHBOa O6paTHOH cBa3su. Tenepa- 
TOP SEKTPONPHBOa peryATOpa AOMMKeH pacnOwaraTbcen rye-HHOylb HHWx*Ke, 
Ha Bawly. XOTA MACJIONPHeMHHK H ABJIACTCA MPOCTbIM NO KOHCTPYKILHH, OLHAKO 
OH BbINOJIHAeCT OUCHb BarKHbIe PYHKUNH, OOecneyHBaA Nosayy Macsia K pado- 
yeMy Kovecy. 
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Puc. XJ.4. MacazonpHeMHHK yMeHbIIeHHbIX raGapHTOB C YaCTHUHbIM pacno- 
JIOWKeEHHEM B BaJly 
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liiranrn B MaCJIONPHeMHHKe OAHOBpeMeHHO BpalilaloTcA HW WepemellaloTca 
B OCeBOM HampaBuleHHH. IlosTOMy HeOOXOHMO MIpH MOHTaxXe O4eHb TULAaTeJIbHO 
I[eHTPOBaTb MACJIONPHeMHHK OTHOCHTeAbHO WiTaHTH. HegonycTHMbl HCKPHBJIe- 
HHA HW H3JIOMbI OCH WITaHTH, 4TOObI He BO3HHKaJIH OOKOBbIe YCHJIMA B ee Ha- 
NpaBJAtOulHX. BryJIKH MaCJIONPHeMHHKa ABJAIOTCA HE TOAbKO HallpaBJsA10- 
INHMH TOJIOBKaMH UWITAHTH, HO H Cy KaT JWIA yMJIOTHEHHA WH WpelOxpaHaAlor 
OT Upe3MePHbIX MpoTeuek Macuia 43 KaMep 6 uc B 30Hy a. TlostTomy oco6eHHO 
G6O/IbIIHe 3a30pbI B HHX HE PCKOMEHAYIOTCH. 


PacueT wtTaHrH 


Illranrn pa6ouero kKosleca paCCUHTbIBaIOTCA Ha MPOUHOCTb, YCTOHYHBOCTb 
H monmepeuHbie KOJeOaHHA. 

Pacuert Ha mpouHoctTb. TaHreHiivaJibHbie HallpaxKeHHA BO BHYTPeCHHHX 
H HapyXHbIX Tpy6ax | | 


pD pD. 
On = 55, > O72 = ‘6, (X 1.2) 
rae D, 4 D, — Hapy2KHbIh AMaMeTp BHYTpeHHeH H HapyRHOK TpyG; 
6, 1 6, — TolMHa BHYTpeHHeH HW HapyxHOH Tpy6. 
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AKCHaJIbHble HalipsAKeHHA 


pD ~ — pv : | 
O71 = 45, ° Oar = “75, - _ (X 1.3) 


HanpskeHHA B LINMHJIbKe IPH Noyave 1aBeHHA B HapyXKHy!o Tpyoy wirayrn 








9 . 
139 _ bq (Pi Da») p _18p _D3—Di, 
o= = — _— ? (X1.4) 
F M% z d2 
2-7-4, 1 


rye Dy, — BHYTpeHHUH AHaMeTp HapyKHOH Tp yOu; 
d,— BHYTpeHHuk aqHaMmerTp pesbOpi WITH bKH. 
PacueT Ha ycTonunpoctb. Ha ycrodunpoctbh paccuuTpiBaeTca BHYTPeHHAA 
TpyOa, HaxOAaulancA oq elcTBueM BHellHero JlaBeHHA. Ecau juiuHa 
mitaHru / uMeeT COOTHOIMeHHe 


Dy 


[> ] ,(3D, 61? 


(X1.5) 


TO KPHTHYeCKOe JaByleHHe AIA CJy4aAn NOTepH YCTOHYHBOCTH B mpeweax 
MPpONOpWHOHAaIbHOCTH (Ox, <(O,) ONpenemneTca copmMy.ion 


| E6° | 
Pap = ———— (X1.6) 


4c1—w) (St) 


IIpH 3Hayenun Kospbunuenta Ilyaccona p = 0,3 sHaveHve KpuTHYeCKOrO 
WaBleHHuaA OyfeT paBHO 


a ~- 


Pep = 2,2E (> Dr) . (X1.7) 


KputTuyeckoe JaBsleHHe JA Cayyad NoTepH ycTOH4YHBOCTH 3a TpesesomM 
MIPONOPMHOHAJIbHOCTH (Ox, > Op) ONpeennetca no dopmyae CaycBerna 


26, Op 
Pep = Be | (X1.8) 
1+ (3) 


KosdopuuvenT 3anaca K pa6ouemy aBJIeHHIO 





. Prxp 
k= ; >.4,0. 


PacueT Ha Nonepeunpie KoneOaHHa. Liitanru npexctaBAioT COOOH BeCbMa 
JJIMHHbIe H CpaBHHTebHO TOHKHe TpyObl H MOLyT CHJIbHO BHOpHpoBaTD IIpH 
NpHOIH2KeHHH WaCTOTbI HX COOCTBEHHBIX ypyrHx Koe6aHHh K UnCAy OGOpo- 
TOB paOouero KOvIeca B Ce€KyHJy. 

IIpw pacuete Ha Tomepeunbie KONeOaHHA MOXKHO pelwolaraTb, UTO BHY- 
TpeHHAA HM HapykHav TpyObl WTaHr He CBASaHbI MexKAy coOoH Hu padoTarIoT 
pa3seJIbHO, 4YTO YMCHbUIaeT KPHTHYeCKOe YNCIO OOOPOTOB MH TaKHM OO6pa30M 
yBeJIH4HBaeT 3amac. 

UltaHru paccuuThIBaloTcA Kak OaJIKH C PaBHbIMH TpoweTaMH, C OMepTbIMH 
JM60 3aKpyrvIeHHbIMH KpaxHMH, HarpyXKeHHble PaBHOMePHO pacipeseleHHoH 
no WJIMHe Halpy3kKou OT COOCTBEHHOrO Beca H BECa 3aKJIIOUCHHOIO B HHX MaCJla. 
Bec  KeCTKOCTb (plaHifa HW CKPenJIAlOWLHX CEKTOPOB B pacueT He MpHHHMAIOTCA. 
EcaH wiTaHra HMeeT HeOJHHAKOBble MpOJleThl, TO B pacueT NPHHHMAIOT HaH- 
OOJIbINHH poser. ITO TOKE YBeMMYMBaeT 3anac. 
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OnpelesieHHe KPHTHYeCKHX YHCe OGOPOTOB MpOHsBOAHNTCA sHeEprerHue- 
CKHM ,MeTOJOM. KpuTHyeckoe 4HCIO OOOpoTOB onpesessetca copmyulol 


l 
[a () ye ax 
Np = ~————_, (X1.9) 
| oe) 9 (a) de 
0 


re g (x) — paBHOMepHo pacnpenweneHHaaA Harpy3Ka; 
oO (x) — MOroHHadA Macca CTep>KHA; 
y (x) — OpAHHaTE! Nporv6oB ynopyrou HHHM CTepxKHA NOX AecrBue cTa- 
THYCCKH NMPHJOKeHHOH pacnpeseteHHOH Harpy3Ku g (x). 
Jina TpyObl MOCTOAHHOrO CedeHHA, Harpy2KeHHOH BecoBOM Harpy3KoH, 


g(x) =9= const; p®=p= > = const. 


[lostomy KpHTH¥eCKOe 4HCAO OOOPOTOB 6yeT paBHO 


g | gax 
Ngp = — (X 1.10) 


|v dx 
0 


YpaBHeHHe yipyroH AHHHH OaJIKH, HarpyXeHHOH paBHOMepHO pacripe- 
Je@JIGHHOH Harpy3kKoOuH, HMeeT BUA 


y= 47 (4). (XI.11) 


e x e 
Bun pyHKun | (=) 3aBHCHT OT rpaHH4HbIX YCJIOBHH. SHauveHHe HHTerpaJos, 
BXOAAULHX B POPMYAY AIA KpHTHYeCKOrO 4HnCAa OOOPOTOB, 6yeT 


ps 
| ye = BF: 
0 


l 
9 _ g*19 
\y dx = Bo cene? 
0 


rae B, u B, — 6e3pa3mepuHple KO IPPHUHeHTHI, 3aBHCHIMe OT LrpaHHUHbIx 
YCMOBHH OaKH, 





Tora 
Ney = V 24 | (X1.12) 
BecoBpad Harpy3ka Ha @AHHHILY JIMHbI BHYTpeHHeH TpyGpt 
Gd. =Fivi thai (X 1.13) 
BeCOBad Harpy3Ka Ha eC]HHHILy JIMHbI HapyKHOM TpyO6pl 
Qo = (fr + fe) Va + Gant + Fue) Vo (X1.14) 
re f,u4f,— NwNollaqb NonepeuwHoro ceyeHHA BHYTpeHHeH HM HapyKHOH 
Tpy6; ' | 
fa fue — WwIOWlab CeYeHHA CIOA MaCJla BO BHYTPeHHeH UH HapyXHoH 
Tpy0ax; | 


Yi HU Ye — YAe@JIbHBIH BeC CTaJIH HW MacwJa. 
a19 


SHaueHne Oe3pa3mMepHblx KoadduuHeHTOB B, u By MOKHO OMpeesutT, 
ipeAcTaBuB TpyO6bl wWTanr B BHAe OaNOK, HarpyKeHHbIX PABHOMEPHO pacripe- 
AeNeCHHOH Harpy3KkoH. 

1. aa 6anku c OnepTbIMH KpaAMH, HarpyXeHHOH PpaBHOMePHO pacnpe- 
eJI@HHOH Harpy3koH, 


d 
5 
J yde= 5+ ater 
(XI.15) 
279 
\y dx = 0 SEF , 
° ) 
Tora | 
Bat. B 31 


120° 2 362880 ° 


2. Jina ABYXNpoOueTHOH CHMMeTPHYHOH OaJIKH, 3alleMJICHHOH O0 KpaaM 
H onepToH nmocepeqHHe MW Harpy2xXeHHOH paBHOMePHO pacipeeeHHOH Ha- 
rpy3koH, WIA Kaxkoro mposeta Oa Ku: 


f 
_ 3 ge |. 
| ydx = 35 -olep 
0 


(X1.16) 
| __ 754 g21® 
J Y° dx = 1000 @AEN® 


Torna 
3 


— ~~. 704 
1 960? 


B 2 576000 ° 


B 


2. MEPETAYH HW TPYBOMPOBOLDI 


MexaHu3Mbl CHCTeMbI peryJIMpOBaHHA THOpOTypOuH, pacnoslaraiouluxca 
B pa3HbIX MeCcTaX THAPOCTaHUWHH, CBASbIBaIOTCA MexKAY COOOH MaCJIAHbIMH Tpy- 
OonpoBoyaMH HW nNepexauamu OOpaTHon cBa3H. Tlostomy rugzpotyp6uHHoe o6o- 
pyHoBanHe Hao Tak pacnowsaraTb B 34aHHH THApPOCTaHWHH, 4TOOb! O6ecnedHTb 
HaHOoulee MpOcThle Tpaccbl MaCONpOBOZOB H Nepexay. OGbLINHO CepBOMOTOPHI 
HalpaBJIAIOWleroO allfapaTa paciOJlaraiwoTca B WaxTe TypOHHbI, a peryATOp 
H MaCJIOHaANOpHanA yCTaHOBKa — B MalllMHHOM 3a/le THApocTaHiHu Ha Gosee 
BbICOKOH oTMeTKe. Jia ynpouleHHA CBxA3eH HX CeAyeT pacnOsaraTb NO BO3- 
MOXKHOCTH HeMOCpeACTBeEHHO OHH Had ApyruM. B crapblx KOHCTPyKUHAX 06- 
paTHble CBH3H OCYINeCTBIAJHCb TATAMHM HW pblMaraMH, COCAHHECHHBIMH MeKy 
co60H WHJIMHApHYeCKHMH WapHHpaMu BO BTyKax. bosbwioe KOMMYeCTBO Wap- 
HHPOB C HeEH36eKHbIM KOHCTPYKTHBHBIM 3a30POM MIpPHBOAHIO K 3HAYHTeABHOMY 
MepTBOMy XOy BCeH CHCTeMbI Nepeqau, 4TO OTPHUATeJIbHO CKa3bIBaJIOCb Ha 
paOote CHCTeMbI peryJHpOBaHHA, NPHBOAHAO K KOJIeO6aHHAM H HeCYYBCTBHTEIb- 
HocTH. [losTomy B 1aJIbHeHIICM BMECTO BTYJIOK B ILHAMHAPHYeCKHX WapHupax 
CTaJIH IIPHMeCHATb WIAPHKONOAWINNHHKH, KOTOpble CBeJIHd K MAHHMYMY MepTBBIe 
xoma. 

J. YMeHbIUeHHA YApyrux ZepopMalui B AIMHHBIX TAPAX HX CTaIH JelaTb 
H3 TOHKOCTeCHHBIX OTHOCHTeEJIbHO OONbUeTO MMaMeTpa CTaAbHbIX Tpy6. B no- 
clleqHee BpeMA NOVI WiHpoKoe NIpHMeHeHHe TpOCcoBble Nepewayn, np 
KOTOPbIX OT NOPUIHA CepBOMOTOPa K COOTBeTCTBYIOUIeMy pblyary B peryJIATope 
IIPOTATHBAeTCA CTAIbHOH Tpoc AHaMeTpOoM D—6 mm, COCTOAWIHH U3 OoObWOTO 
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quCJla TOHKHX MpoBosoK. Ilo cpoei Tpacce Tpoc HalpaBJaeTCA powHKaMH, 
YTOOBI OH BCera MOLepKUBaICA B HATAHYTOM COCTOAHHH; B MeCTe MpHcoedu- 
HeHHA ero K peryJATOpy nNowBewMBaeTca rpy3. JA 3alHTbI OT KOPpo3HH H 
CIyYaHHOrO 3aeBaHHA Tpoca MOCTOPOHHHMH TpeAMeTaMH eFO 3aKDPbIBaIOT 
KOXKYXOM H3 Tpy6, HaOHTbIM TycTOH CMa3KOi. . 

CBa3b BpalllaloulerocA poTopa arperata C 4YBCTBUTebHbIM 3/IEMeHTOM Ppe- 
ryATOpa — MaATHHKOM—B Me€X@HH¥eCKHX peryATOPpax CKOPOCTH paHbue 
OCYHIECTBIAaCb C MOMOULbIO peMeHHOH mMepeqauH. B HacTonulee BpemMa WIA 
9THX WeeH NPHMeHAIOT J/IeKTpHyecKkylo Nepefsayy. Ona cOcTOHT H3 CHHXpoOH- 
HOrO reHepaTopa, YCTaHOBJIEHHOFO Ha BaJly arperata, H 3IeEKTPHYeCKH CBA3AH- 
HOrO C HHM 3JeKTPOABHTaTeA, yCTaHOBJICHHOrO B KOJIOHKe peryaATOpa JIA 
BpalleHHA MaATHHKa. Takaa Mmepeqaya mpocTa NO KOHCTPyKUHH, HajexKHa 
B 9KCiJlyaTamuH. B anekTporuapaBaAMuecKkHx perysaTopax (STP) npume- 
HACTCAH AHaNOTHYHAA CHCTeMa CBA3H, B KOTOPOH MHTAHHe BLIABHTeJIbHbIX 
ycetponcts SIP B Buse COOTBeTCTBYIOINerO HallpH2xKCHHA HM YaCTOTHI 3/1eK- 
TpHYeCKOLO TOKa TOaeTCA OT TeHepaTopa, YCTaHOBMeHHOrO Ha Bay arperata. 

Macasnbid TpyOonpoBog MOBOpOTHOsONMAaCTHOH TYpOHHbI OOBIMHO COCTOHT 
M3 Tpex uacTeH. YuacTOK OT MaCJIONpHeMHUKa K peryJATOPy BKOUaeT Be 
HanlopHble TpyObl, CBASbIBAIOLHe HaNOpHble KaMepbl MaCJIOMpHeMHHKa, WITAaHr 
H C€pBOMOTOpa C 30JIOTHHKOM paOouero KovIeca, H ORHOH CAHBHOK Tpy6b u3 
MaCJIONpHeEMHHKa K CJIMBHOMy Oaky MaCJlOHaNOpHOH ycTaHOBKH. Brtopoit 
yu4acTOK COCTOHT H3 AByX TpyO, COC AMHAIOWIHX 30JIOTHHKH perysiaTopa C Hanop- 
HbIM KOTJIOM H CJIMBHbIM OaKoM. TpeTHi y4actok Tpy6onpoBosa HeT OT 30/10T- 
HHKa peryJisTOopa K CepBOMOTOPy HallpaBsAioulero amnapata. On cocToHT 
H3 JByX HanOpHbix TpyO, pa3BeTBJIAIOMMMXCA B WaxTe TYPOHHbI Ha YeTHIPe Tpy- 
OonmpoBosa, K ABYM CepBOMOTOpaM. 


3. XOJIOCTON BbITTYCK 


KOHCTpyKUHA XONOCTOrO BbINycKa 


XOJOCTHIe BbIMYCKH IIPHMeHAIOTCA [VIA BbICOKOHaMOPHbIX THApOTypOHH 
(cBbiue 100—150 ™), uMetoulHx AAHHHBIe TpyOonpoBosbl. OnH ycTaHaBaH- 
BaloTcaA B HauaJle CIHPaJbHOH KaMepbl H CJLyKaT JIA OFTPaHHYeHHA MOBLILIEHHA 
aBJeHHA B TpyOonpoBoge. IIpu ObicTpoM 3aKpbITHH HanmpaBsiatollero anna- 
paTa KlamaH XOJIOCTOrO BbIMNycKa ObICTpO OTKPbIBaeTCA, a 3aTeCM MeVJICHHO 
3aKpblBaeTcH. TakHM OO6pa30M, NpH pe3KOM yMeHbIMeHHH pacxofla 4epes Ha- 
MpaBJAOIHH allmapaT CyMMapHbI pacxoy yepe3 TYPOHHY H XOJIOCTOM BBIIYCK, 
T. €. HaANOPHbIH TpyOOlmpoBOZ, H3MeCHAeCTCA CPaBHHTebHO MeJJICHHO H MOBBI- 
WleHHe JaBJeHHA OyeT HeOObWHM. OG6bIYHO XOVIOCTBI€ BbINYCKH He JOMy- 
CKaloT NOBbILIEHHA TaBAeHHA B TpyOonpoBore Oonmee uem Ha 15—20% or cra- 
THYecKOrO Hanopa. XOJIOCTOH BbINyCK CHaO*KaeTCA MaCJIAHbIM KaTapakTOM, 
KOTOPHIM OO€CNe4YHBAET CFO OTKPLITHE TONbKO pH ObICTPOM JBHXKeEHHH Halpas- 
JAIOWLETO anliapaTa, KOra BO3MOXKHO CYMLECTBEHHOe MOBDIMIeCHHe JaBJIeHHA. 
Tip MeqeHHOM JBH2KeHHH HalipaBJsioulero alMapata KaTapakT Henos,BHKeH 
H XOJOCTOH BbIMyCK He OTKppiBaeTcA. YcTpolcTBO KaTapakTa MOKa3aHO Ha 
puc. X1.5. LluanuHgp /, B KOTOpbIi HasHTO Macao, B TOUKe B »xecCTKO CBA3aH 
C MpOBOZOM xOwlocToro BbImycKa. Touka A wiToKa 4 coeqHHeHa C nopuiHeM 7 
H CBA3aHa Mepexauen (He NOKa3aHHOH Ha CxeMe) C CEPBOMOTOPOM HallpaBJ1Alo- 
ujero anmapata. IlomoctTu no o6e cTOpoHb NOpWinA 7 CoeAMHeHbI MEXxKAy coboi 
OTBEPCTHAMH C ApoccesHpyloulHM ycTponcrsom 8. Iipu 6picrpomM nepemMeluleHHH 
liTOKa (TOUKa A) C NOPLIHeM BHH3, YTO GyeT COOTBETCTBOBATb 3aKPbITHIO Ha- 
MpaBAlollero aliiapaTa TyYpOHHbI, MaCIO H3-NOA MOpWIHA He ycMeeT nepeTeub 
yepe3 ApoccesbHoe oTBepcTHe BBepx. Iloq nopuinemM JaBeHHe NOBbICHTCA, HU 
IHIMHAp / mepemMecTHTCA BHH3 BMecTe c TOUKOH B, BO3_eHCTByYA Ha OTKPbITHe 
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XOJOCTOrO BbINycKa H CKHMAaA NpyKuHy 2. Ynpyrue cHAbl IpyKUHbI OYAYT 
3ACTaBJIATb IIpOTeKaTb MaCJIO Yepes ApOcceAbHOe OTBeEPCTHe, BOSBPalllaTb 
UHIMHAp (c TouKOH B) B npexkHee MOO*KeHHe UH 3aKPHIBATb KallaH XOJIOCTOTO 
BbINyCKa. OOpaTHbi Kiana 6 OTKPbIBaeTCA Np NepeMeleHHH NOPLIHA BBepX. 
Kopnyc 3 KaTapakTa OObI4HO MOHTHPyeTCcA Hal XOJIOCTHIM BbITyCKOM C PY4HbIM 
ylipaBaeHHem 5. OCHOBHbIMH 3JIEMeHTaMH XOJIOCTOrO BBbINyCKa ABAAeTCA ero 
[(pOTO“HadA UacTb, oOnpeleisiollad MpoOmycKHy!lo CMOcoOHOCTH H MNpHBo 
KlalaHa, yYUpaBJAIOWlWH ero ABHKeHHeM. Pa3smM4Hble CXeMbI IPOTOUHOK WacTH 
XOJIOCTOrO + BbINycKa H xXapakTepHble MpoOmycKHbie cnocoOHOCTH Mm0Ka- 
3aHbt Ha pc. XI.6. XomocToH sBbINycK C HFO/bYaTbIM KJalaHOM MOKa3aH 
Ha pue. XI1.6,a. B aToH KOHCTpyk- 
IHH B WapoOBOM KOxyxe J pa3MmellaeTca 
HrOIbuaTH Klanay 4. HanpaBsenue JBHxKe- 
3 HHA MTbl PUKCHPYyeTCA PasBUTbIM WITOKOM 2 
ay SS a B HallpaBlAlomlen 3 KOKyXa H BTyJKOH 9, 
ycTaHOBJIeHHOH B naTpyOKe 6, B KOTOpyIo 
BXOJHT HaAKOHCUHHK KlanaHa. XOJOCTHIe BBI- 
ycKH TakOH KOHCTPYKIMH MpHMeHAIOTCA 
HEKOTOPbIMH eBpOleHCKHMH @HpMaMH. 
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\ Fn SKINS 

VBS AY JIM3 npHMeHAJIHCh TaKHe XOJIOCTHIe BbI- 
Ney MIA \- NyCKH B MpeKHUX KOHCTPyKIUHAX TypOHH 
5 Nef ! AIK HeOObIIHX MOUHOcTeH. Ha puc. I1.13 noKa- 
Yey== : Ae 3aH TaKOH XOJIOCTOH BbINYyCK, YCTaHOBJIeH- 
2 ee SRS 8 7 HbIit Ha TypOHHEI MomHOcTHIO N= 12800 Kem 

f vor ibar Mec np Hanope H = 60 m. 
aA Be ; VARS XapaKkTepHbIM HeJOCTaTKOM TaKOH CXeMBbI 


ABIAeCTCA BepXHee pacnojomKeHHe KanaHa. 
B cayaae KaKHX-1H60 HeEHCMpaBHOCcTeH B CH- 
cTemMe pHBowa OH OyAeT MpHmKaT K cey 
JaBJI€HHeM BOJbI H JaBleHHe B TpyOorpo- 
| BOJe WOBLICHTCA. CxeMbI MpOTOUHOH 4acTH, 
moKa3aHHple Ha puc. X1.6, 6 u 6, CBOOOAHH 
Puc. XI.5. Karapaxt OT 3TOFTO HefocTaTKa. KwanaHbl y HHX pac- 
| - TIOJOKeHbI CHH3Y: B ci1yyae HeEHCIpaBHOCTH 
B IpHBoxe KlanaHa OH TO], AaBJeHHeM BOAbI OTKPOeTCA H, CMeOBaTeJIbHO, 
OyNeT MpeJOTBpalleHO OMacHOe MOBbINWeHHe MaBJIeHHA B TpyOonposBore. 
Tapenbuateia (puc. X1.6,6) u KoHHuecKHH (puc. X1.6, 4) KaanaHy 4 
3aKpellJIAIOTCA CHH3Y Ha witoKe /, ABHxKeHHe KOTOPOrO HalpaBJAeTCA BTYJI- 
KOH 2 H30rHyTOFO KOKyxXa 3 H HalpaBJAloweh 5, ycTAaHOBJICHHOH B naTpyOxe 6. 
MopMa KJlalaHa OKa3bIBaeT BAHAHHE Ha MpPOMyCKHYy!O CNOCOOHOCTA XOJIO- 
eroro BhinycKka. B. II. Pyppes [27] skcnepumMenTambHo onpeyemua xapaKTe- 
PpHCTHKY MNpOMyCKHOH CMOCcOOHOCTH XOJIOCTOTO BbINycKa pH PmopMax KJlanana 
(puc. XI.6, 2). XomocToH BEIMycK C KOHHYeCKHM KJlalaHOM OOJlaqaeT mpo- 
MyYCKHOH cnoco6HOcTbio mpHMepHo Ha 10% Goble, 4eM TapebYAaTHIN KJa- 
naH. IIpH nowHOM OTKPBITHH TapelbuaThIh Kanan mponycKkaerT: Q, = 


= 2300 «/cex, a KoHMYeCKHH Q, = 2500 z/cex. B 3aKpbITOM MOJIO%KeHHN KJa- 


NaH yep2xXuBaeTcA MOPIWWHeM THApaBMNYeCKOTO CepBOMOTOPA, Co3/arolllero 
ycuue P, IpWxKaTHA KilamaHa K celay. Pa6boueH *HAKOCTbIO MOXKET ObITb 
MaCJIO H3 HallopHoH yCTaHOBKH CHCTeMbI peryJIMpOBaHHA J1HOO Boa H3 Hallop- 
HOTO Tpy6onpoBosa. 

JA OTKpbITHA HeOoObUIOrO XOJOCTOTO BLINycKa IPHMeHAeTCA MexaHH4e- 
CKHH MpHBOA OT CepBOMOTOPa HalipaBualomero annapata. [lopuieHb cepBomo- 
TOpa CBASHIBaeTCA PpblyaraMH WM TATaMH C NOPIWHeEM KaTapakTa, yCTAHOBJICH- 
HOrO Ha xoslocToM BHIlycKe. IIpH ObictTpoM mepemellleHHH CepBOMOTOpa Ha- 
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IipaBAAOWlero almapaTa Takxe Opicrpo nepemellaeTcA MOplWieHb KaTapakTa. 
Macao He ycneBaeT NepeTredb Yepes ApoccebHy!0 Hwy WH CosfaeTCA MoOaBou- 
Hoe ycumHe P,, C KOTOPbIM IIHJIHHAp KaTapakTa, KeCTKO CBA3AHHbIM CO LITO- 
KOM KJlallaHa, 6yeT Ha Hero BO3eHcTBOBaTb. Ycuaue P, BMeCcTe C AaBJICHHeM 
Bolbr N, oTKpoer KJlanaH. CreqoBaTeJIbHO, B 3aKPbITOM MOJIOKeHHH Kanlana 
yCHIHve CepBOMOTOpa XOJIOCTOFO BbINyCKa JOM*KHO ObITb OO/IbIIe YyCHJHA 
OT JaBJIGHHA BObI Ha ero Kanan | 


P,> Ny. (X.17) 
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Puc. XI.6. Cxema xozoctoro Bbinycka 
HM XapaKTepHcTHKa IIponycKHOH cmoco6- 


| HOCTH 
01 02 OF O04 O85 Sx[D, 





JIA OTKPbITHA KJlamaHa HeOOXOAHMO, uTOObI ycumMe cepBOoMoTOpa OGbII0 


MCHbIiie CYMMapHOoH BCJIMWHHbI AABJICHHHA BOJbI Ha KJlallaH H MaCJla Ha WHJIHHApP 
KdTdpakKTa, T. €. 


PIN, + Px. (X.19) 


Ha ycuaue P,, KOTOpoe co3sfaeT KaTapakT, JOKHA ObIThb paccuuTaHa mMepe- 
yaua OT CepBOMOTOpa K XOJIOCTOMY BBIIIyCKy, H 9TO YCHJIHe JOJKHO ObITb 
VUTeHO IPH BbIGope pa3sMepoB CepBOMOTOpa HanpaBJiaioulero almapata. 
Jia XOJOCTHIX BbINYCKOB KPYIHbIX TyPOHH IIPHMeHAIOT FHApaBJIM4eCKHH NpH- 
BOJ, IPH KOTOPOM Mepeqaya OT CepBOMOTOPAa HallpaBAWMlero anmapata Bo3- 
HeHCTByeT Ha HIIy 30JIOTHHKa CepBOMOTOpa XOMOCTOTO BbINyCKa. SOMOTHHK 
YIIpaBJIAeT XOJIOCTbIM BbITTYCKOM, MOJaBaAv MaCJIO B COOTBETCTBYIOLLYIO MOJIOCTb 
WHIHHApa Ha OTKPbITHe HH 3aKPbITHe KJalauHa. 

B nepefqaye K 30N0THHKY TakxKe MpelycCMaTpuBaeTCA KaTapakT, UTOOBI 
3OJIOTHHK TMepemeliiaicA JIHUIb MNpu ObICTPOM JBHXKeHHH HalpaBJArollero 
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alniapata. Ecau cepBoMoTop xOJIOCTOrO BbITTyCKa paOoTaeT C MOMOIL[bIO Maca, 
3TO JOJ2XKHO YUHTbIBAaTbCA TPH BHIGope OObeMa MaCJIOHANOPHOH yCTaHOBKH. 

Ha pue. X1.7 noka3aH COBpeMeHHBIN XOJIOCTOH BbINYCK KOHCTpykuHH JIMS, 
yCTaHOBJICHHbIH Ha TypOuHe MouHOcTbIO N = 55 000 xem, pa6otaiomeh npn 
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Puc. X1.7. XonocroH BbINYCK JHaMeTpOM 
| 500 um 


KiianaH. Pe3yAbTHpylollaA cua Ha 


Hanope H = 300 m. Komneuo 3 xouo- 
CTOrO BbIMNycKa C HOMOIIbIO daHita 
BXOAHOrO naTpy6Ka AHamMeTpom 650 »” 
KpeluTca K CIMpaJibHOH Kamepe. B ko- 
jleHe mpesycmoTpeH woK 4. CpBepxy 
KOJIeHa HMeeTCH WHJIHHEP, B KOTOPOM 
pacnovioxwKeH BCHOMOraTeJIbHbIA Nop- 
weHb 6 QuamMeTpomM 400 mm BogAHOro 
ceppomotopa. Ilopmenb 3aKkpensmeH Ha 
wiToKe 5, elle BbIlIe pacmouoxKeH Nop- 
weHb & WvaMeTpom 500 mm MacJiaAHOro 
cepBoMoTOpa. PxAOM C MaCJIAHbIM Cep- 


BOMOTOPOM PaCHOJIOKCH E€FroO 3OJIOT- 


HHK 9, ura KOTOpOrTO C MOMOLEbIO 
nepezaun /0 cBaA3aHa C KaTapaKkToo /1/. 
CHu3y Ha IWTOKe 3aKpensieH KOHHUEe- 
CKHH KilanaH 2 JuamMetpom 500 mm xu 
ycTaHOBJIeHa HalpaBAloulada BTyAKa 7 
tia witoka. BoixoqHOoH WHAMHApHye- 
CKHH matpy60K J] wuMmeeT HameTp 
730 mm. B JaHHoHw KOHCTpyKILHH OCy- 
ULECTBJICH THApaBJIHyYeCKHH IIpHBOL. 
B ciyyae ObICTporo ABH2XKeHHA CepBO- 
MOTOPa HallpaBJIAlOWero anmapata Ha 
3aKpbiTHe cpaOotTaer KaTapakT. OH Ie- 
pewacrT Hrvie 30/IOTHHKa ABH KeHHe BHHS, 
H HHKHAA HallopHaAd KaMepa MacJaA- 
HOrO CepBOMOTOpa CooOulaeTcA CO CJIHB- 
HbIM pesepByapoM, a KJlamaH 3a CuyeT 
aBJIeHHA BODbI OTKPOeTCA, Tak Kak 
HaMeTp Kjianaha Oovbule, 4eM AHaMeTp 
BCHOMOraTebHOTO nopwHA. loa jen- 
CTBHeEM MaCJIAHOFO KaTapakta H OOpaT- 
HOH CBA3H OT NOpIIHA CepBOMOTOpa 
3OJIOTHHK TepeMeCTHTCA BBepX H CBA- 
2KeT HHKHIOIO MOJOCTb WHJIMHApa C Ha- 
NOPHbIM TPyOONpOBOAOM OT KOTJa Ha- 
NOpHOH ycTaHOBKH. 3a cueT AaBeHHA 
Ha MOpileHb CO3MaeTCA yCusHe, Halipa- 
BJIeHHOe BBepX, H KNanaH OyjeT 3a- 
KPbIBaTbCA. CeOBaATeJIbHO, MOmOKe- 
HHe KlamaHa 3aBHCHT OT CHA, JeHCTBY- 
IOWMHX Ha Hero. B 3aKkpbITOM No0xe- 
HHH KJlamaHa CyMMa yCHJIMH NOpwuiHyA 
MaCJIAHOFO CepBOMOTOpa H NOPpIIHA 
BCIOMOTaTeJIbHOrO BOAAHOTO CepBOMO- 
Topa O6oublle aBNeHHA BOLI Ha ero 


mpapaeHa BBepx P, + N, > N,. Tipu 


OTKPbITOM KJialaHe, KOra yCHJIHe NOPUIHA MaCJIAHOTO CepBOMOTOpa OTCYT- 
CTBYeT, JaBseHHe Ha Kalmah OO/bILNe YCHMHA, CO32aBaeMOro NOPIIHeM BCIIOMO- 
raTeibHoro cepBomoTopa. Pe3yabTupylollad CHa HalpaBlena BHH3 N<N,. 
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Oco6eHHOCTbIO TIpHBOAa aHHOH KOHCTPYKILHH ABJIAeTCH HasIMuHe Ky- 
jauka 1/2, npodusb KOTOpOrO NOAOOpaH Tak, YTO OMpesesaeT MporpamMMHoe 
nepemeleHHe KJlanaHa, Jatoujee HaHBbIrOwHeHWlee H3MeHeEHHeE pacxoza BOLbI 
B TpyOompoBore H COOTBETCTBYIOMLee COOTHOLMIEHHIO MEXKLYy MOBbILIEHHeM JaBile- 
HHH B CNHpPaJibHOH KaMepe TYPpOHHEI WH 4YHCOM OOOpPOTOB paboyero KoOweCa. 


Bpi6op pa3smMepos XOJIOCTOrO BbINycKa 


OnpesesAIOWIHM pa3Mepbl XOJIOCTOTO BbINyCKa ABJIACTCA AHAMeTP Npoxol- 
Horo OTBepcTHA ero KJlianaHa D,. Xo KJamaHa OObIMHO MIPHHHMalOoT s = 
= (0,25+0,3) D,. Tlo xapakrepucruKe xouoctToro BbinycKa (puc. X.7, 6) 


B COOTBETCTBHH C NPHHATOH tOpMOH KManaHa MOMKHO BbIOpaTh Qi,x. Caenyer 
HMeTb B BHJY, 4TO BbIXOX BOALI H3 XOJOCTOFO BbINYCKa NOX YpOBeHb HH KHEero 


Opeba yBeHuHBaeT pacxoy Q;, Ha 3—5%. Hanuune kouleHa Ha BbIxoze 


H3 XOJIOCTOTO BbIMyCKa YMeHbillaeT pacxol Q;, Ha 5—10%. 
JTeicTBHTeJIbHbIA PacxOA yYepe3 XOMOCTOH BbINyCK paBeH 


Q.= QD: VY Hol +8), (X1.19) 


rae §& — OTHOCHTeJIbHOe NOBbIWeHHe WaBJIeEHHA B TpyOonpoBore; OObIHO 
nmpuuumat § = 0,15+0,2; 
ff) — HOMHHAaJIbHbIN Harop. 
MakcuMaJIbHbi pacxoy, Q,, KOTOpBIH JOJ2KeH MpOnycKaTb XOJOCTOH BBI- 
MmyCK, ONpeyenaetcA mo dopmyyvie | 


Qe = Qo (1 — 8), — (X.20) 


rie Q,y — MaKCHMaJIbHbIA pacxoq yepe3s TypOuHy; 
T, — BpeMA 3aKPbITHA HanpaBJAloulero annapata TypOuHbl, oOecneun- 
Balolllee pH HaAHUYHH XOAOCTOTO BbINyCKa JONYCTHMOe MOBbILeHHEe 
WaBJeHHA WH 4HCa OOOPOTOB; | 
T — BpeMA 3aKPhITHA HallpaBsAollero anmmapaTa TypOuHbI, KOTOpOe 
o6ecneunsio Obl TY Ke BEIMYHHY MOBbIMeCHHA WaBJIeHHA Ip OTCYT- 
CTBHH XOJIOCTOrO BbINYyCKa. | 
Bpema T onpeneinetca no PopMyvle HempaAMOrO THApaBMYeCKOrTO yapa 





oo (X21) 


rye }}Lv — cyMMa NpousBeseHHH AJIHH y4acTKOB TpyOonpoBoa Ha CKOPOCTb 
BOJbI B HHX; | 
Hy — HOpMaJIbHBIM Hanop; 
Oo — XapakTepucTHKa TpyOonpoBosa 


E 
= ———, 
Vise 
TOrAa HHaMeTp XOJIOCTOTO BBbINYCKa Oy Net paBeH 
D, = V wens (X 1.22) 
WeV AU+FH 


[locne onpeneeHHA WHaMeTpa XOJIOCTOFO BbINyCKa NPOH3BOAAT WH YTOUHAIOT 
pacueT peryJHpOBaHHA C yYYeTOM XapaKTepHCTHK XOJOCTOrO BbIycka H TYyP- 
OUHDI. 

I]puMeHeHve NporpaMMHOro yiipaBJIeHHA ABHKeCHHEM XOJIOCTOFO BbIlyCcKa, 
fipesqioxenHoro A. E. )KMydb, MOXKeT YMECHbINHTb pa3Mepbl XOMOCTOFO BbI- 
aycKka. IIpH nNporpaMMHOM ylpaBJIeHHH B Havasle 3aKPbITHA OTKPbITOTO 
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HalpaBJAIoulero alllapaTa XOJIOCTOH BbINYyCK OTKPHIBaeTCA OTHOCHTEJIbHO 
Oombute. TlomyaaeTcA SKOHOMHA BPeCMeHH 3aKPbITHA TYPOHHHI, a CeqOBa- 
TeJIbHO, NMOBbIMAeTCA YHCIO OCOOPOTOB Mp aHHOM MNOBbILWeHHH AaBJeHHA 
B Tpy6onposore. 

IIpH mpoeKTHpoOBaHHH XOJIOCTHIX BHITNYCKOB HafO IIpeyCMaTpHBaTb BO3- 
MOXHOCTh NOAH BOSAYXa MOM KilanaH JA MpeAOTBpalleHHA KaBHTalHH H 
NPpHMeHATb LracHTeJIH SHeEPrHu BbITeKalouleH BODbI. KouMuecTBO BO3Lyxa M0 
O6beMy JOJOKHO CocTaBIATb 5—10% oT pacxojla BOABI. 


4. 3ATBOPbI 


Ha HanopHbix TpyOonpoBowax B Ka4eCTBe 3aMOpHbIX YCTPOHCTB, Mpekpa- 
HaloulWX TeyeHHe BOLI B TpyOonpoBore, OOBMMHO yCTaHaBJIHBalOTCA 3aTBOPbt. 

IIpH AAHHHEIX TpyOonpoBofzax Ha BbICOKOHanopHpx TIC, Kak mpaBuao, 
yCTaHaBJIMBaloTcA Ba 3aTBOpa — OHH B Havase TNyYOONpoBOAa, a Apyron — 
nepex TypOHHOH y ClupabHoH KaMepbl. IlepBbi 3aTBOp HCNOMb3yeTcA TPH 
PpeBH3HAX H PeMOHTAX, BTOPOH, Ha3bIBaeMbIH TyPOHHHbIM, MO3BOJIAeT IIpOHs3- 
BOJHTb Pe€BH3HIO H PeMOHT TYPOHHb! 6e3 ONOPOKHEHHA TPyOONpoBoOsa H B CAy- 
yae HeOOXOMHMOCTH aBapHHHO OCTaHaBUBaTb TypOuHy. Tipu AaMTebHbIX 
OCTaHOBKax TYPOHH 3aKPbITbIM 3aTBOP YMeHbIlaeT MpoTeuKy BOB. 

B HH3KO- H CpeAHeHaNOpHbIX YyCTaHOBKax OObIMHO MpPHMeHAIOTCA OHH 
3aTBOP B Havase TpyOonpoBona. 

3aTBOpbl, YCTaHaBJIHBaeMbie Ha KPYIJIbIX MeTaIHYeCKHX TpyOonpoBorzax 
nmepex TYpOHHOH, OTHOCATCA K ee BCHOMOraTeAbHOMY OOOPYAOBaHHIO, BXOAAT 
B e@ KOMIII€KT H MOCTABJIAIOTCH TYPOHHHbIMH 3aBOaMH. 


Cxema 3aTBOpOB 


Jima KpynMHbIx TrHAporyp6vH MpHMeHAIOTCA AMCKOBbIe WIM UWlapOBbie 
3aTBOpbI. CxeMa 3THX 3aTBOPOB NOKa3aHa Ha puc. X1.8. HanOonee npoctor 
NO KOHCTPyKIHH uCKOBbIA (puc. X1.8, a) 3aTBOp CocTOHT u3 AuCKa I M KOp- 
nyca 2. {uck HallpaBJaeTcaA B Koplyce ABYMA WandamMu. B OTKpbITOM NovloxKe- 
HHH MJIOCKOCTb CHMMETPHH AHCKa NpOXOAUNT 4epe3 Ocb TpyOonpoBora, H Bola, 





Puc. XI1.8. Cxembl 3aTBOPpOB: @ — WHCKOBHIH; 6 — WapoBoH; 
. 6 — MroubyarTbli 


o6TeKad ero, MpoxoguT kK TypOnHe. JA yMeHbIICHHA NYbCawun MOTOKA BHI- 
XOJHOH AMaMeTp KOplyca 3aTBOpa eNaloT MeHbIUe BXOAHOrO. Takum O6pa30m, 
CKOPOCTb BOJbI B 3aTBOpe BHayalIe OyfeT HEMHOTO YBeJIMUHBaTbCA 3a CHET 
CTECHEHHA MPOXOMHOTO ceyeHHA TpyOompoBoya TeOM AHCKa, 3aTeM BCJe]- 
CTBHe YMCHbINeHHA JMaMeTpa KOpnyca 3aTBOpa B BbIXOAHOH YaCTH B COOTBET- 
CTBHH C YM@HbIUaIOULHMCA CeYeHHeM AHCKa CKOPOCTb OyeT COXPaHATbCA N0- 
CTOAHHOH. 

O6blMHO WHCK MOBOpayHBaetca Ha 90°, HO H3BeECTHbI KOHCTPYKUHH H C MeHb- 
IIMM yraiom noBopota (75—80°). B nocaeqHem cay4ae ymoTHeHHe JHCKa 
JOCTHTaeTCA MPHTOHKOH NepHd@epHHuHoro ceyeHHA WHCKa K KOpliycy 3aTBopa 
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H IJIOTHbIM €rO IpH2KaTHeM 3a CueT yCHJINA CepBomMoTOopa. MuHorya c 3TOH WesbiIo 
NIPHMeHAIOTCA CieWHaJIbHbIe MeTaJJIM4eCKHe YIVJIOTHHTeCJIbHbIe KOVJIbILa. 

HeyocTaTKOM TaKOTO YIVIOTHEHHA ABJIAeCTCA TO, YTO WHCK MJIOTHO NPHKH- 
MaeTCH K KOPIyCy TOJIbKO OJHOH CTOPOHOH. Bo3smMoxKHa TakxKe edbopMallHA 
Kopilyca. Kpome Toro, TpyAHO YIMJIOTHATb 3a30pbl B CCUeHHAX, OM3KHX K Lande 
mucka. [lostomy 6o/lee pacnpocTpaHeHHOM ABJAeTCA CXEMa C YIJIOM NOBOpoTa 
90°, pH STOM YNWOTHeEHHe MocTHraeTCA 3a CU4eT TIPHMeHEHHA TOJICTOCTeEHHON 
peSHHOBOH TPYyObI CheWHaIbHOrO NpOPuA, 3akKMalbIBaeMOH B KOPIyc 3aTBOpa 
WH B ANCK. B TpyOy NoABOANTCH CKAaTHIN BOSAYX, MpeBbIWlaloulWHh Ha 5— 
6 amm jlaBJIeHHe BOAbI B TpyOonpoBole. 

JIMCKOBbI€ 3aTBOPbl ABJIAIOTCH HaHOoslee MpOCTbIMH HO KOHCTPyKILHH H 
HaHOovlee elWIeBbIMH, HO HMeIOT CJleylolulve HEMOCTaTKH: JIUCK 3aTBOPa CO3LaeT 
CONPOTHBJeHHe MOTOKY BOAbI H clocoOCTByeT KaBHTaILHOHHOMY SABJICHHIO; 
NOTEPH BOSpacTaioT C YBeJIHMYeHHeM Hallopa, Tak KaK OTHOCHTe@JIbHaw TOMULMHA 
MCKa WH CKOpOCTb NOTOKa yBewHuHBaeTcA. TlosTOoMy, NpHMeHeHHe JMCKOBbIX 
3aTBOPOB OF paHHyHBaetca Hanopom AO 200 mu. H3pecTHo Bcero HeECKOJIbKO CJly- 
yaeB NPHMCHeEHHA JHCKOBbIX 3aTBOPOB Ha Oovlee BhICOKHe Hanlopbl. JLuamerppt 
JHCKOBBIX 3aTBOPOB JOXOAAT oO 8,0 mM. 

Illaposnie 3aTBophi (puc. XX1.8, 6) cBoOoOHbI OT yYKa3aHHOTO HeMOCTAaTKA, 
OHH He CT€CHAIOT NOTOKa BOJbI B OTKPBITOM MOJOKeCHHH WH MOITOMY LWIHPOKO 
HCHOIb3YIOTCA JIA BbICOKOHaNOpHbIX TypOuH. JIA NepeKpbITHA TeYeHHA po- 
TOp / 3aTBOpa C NOMOLLbIO CepBOMOTOpa MOBOpauMBaeTcaA Ha 90° BoKpyr Land, 
YCTAHOBJICHHBIX B Kopnyce 2. YNMOTHeEHHE JOCTHTaeTCA C MOMOL{bIO CHeLHab- 
HbIX NOMBH2KHbIX YIVJIOTHHT@JIbHbIX KOJI, MOKa3aHHbIX Ha pune. XI1.12. 

KOHCTPYKUHA WapoOBoro 3aTBOpa Goviee CJIOMRKHA, WeM AHCKOBOrO. OH HMeeT 
OOJIDLIHH BeC H CTOHMOCTb, TaK KaK IlaPOBble 3aTBOPbl NPHMECHAIOTCA TOJbKO 
JI BbICOKOHaNOPHbIX TYPOHH, HMeFOWLHX HeOobuUINe TraOapuHTbl; WHameTp 
3aTBOPOB HX HeBeJIHK. JLMCKOBbIM H IapOBOH 3aTBOPbI pa6oTaloT JIMIIb MpH 
KOHeC4HbIX NOJIOMKCHHAX AHCKAa WIM pOoTOPpa Np NOMHOM OTKPbITHH HJIM 3aKpbI- 
THH. B NpOMeXYTOUHHIX NOJORKCHHAX OHH NWOXO OGTeEKAeMbI H BbI3bIBaIOT OOIb- 
IUHe BOSMYILeCHHA TOTOKa. 

Ha puc. XI1.8, 6 noka3aH Takxke HrObuaThIM 3aTBOP, KOTOPbIii MpHMe- 
HAeTCH Ha TpyOonNpoBoywax, HMEIOWIMX OTBeETBJICHHA JIA OTBOa BOJbI MOMHMO 
TYpOHHbI. SaTBOp COCTONT 43 KOpMyca 2, BHYTPH KOTOPOrO pacnomO2x*KeH OGTe- 
KaTeIb J, COeMHHEHHEIH Cc KOpmycom peOpamu. Buytpu oOTeKaTeaA pacnosa- 
raeTcA NOABHXKHbIN MWyHxKep 3, KOTOPHIM B MpaBOH 4acTH HMeeT POPMY HYOub- 
yaToro Kianana. IInyHxKep c KJIamaHoM, nepemelladcb, 3aKPbIBaeT HJM OT- 
KPbIBaeT OTBEPCTHe B KOpryce 3aTBopa. IlepememlaeTca Kanab NO] 1aBsIeHveM 
BOJbI, KOTOPOe co3zaeTCcA B KamMepe A usu B OT npoxoyayero MOTOKa C MOMO- 
UbIO 3aqBuxKeK O UM HIVJIbl ypaBleHua 4. 

HrombpuaTbi 3aTBOp O6laqaeT XOPOUIMMH THApaBsIMYeCKHMH KayecTBaMH, 
XOpoulo OOTeKaeTCA MOTOKOM, OH JierKO YyIJIOTHAeTCA WpHw2xKaTHeM kKJlanaHa 
K ceAJly H JerKO yipaBasetca. KaanaH Mower paOoTaTb H Mp YaCcTHYHbIX 
OTKPBITHAX, PeryJHpyA pacxoy Boynl. HegocTaTKOM 3aTBOpa ABJIAIOTCA ero 
Ooubuive raOapHTs HW Oombuiow Bec. Bec QHCKOBbIX, MWapOBbIX MH HFOJbuaTbIX 
3aTBOPOB OTHOCATCA Apyr K Apyry pumMepHo Kak |: 2: 3. 


CxeMbI NIpHBOJOB 3aTBOPOB 


Jl1a yipaBJIeHHA KPYyNHbIX 3aTBOPOB MPHMeHAIOTCA OODINHO FHApaBuH- 
yeckHe NpHBOAb. Ja HeEOOJIbIINX 3aATBOPOB HCNOb3YIOTCA PYYHbIe H IIeKTPH- 
yecKHe NIPHBObI C YEPBAYHOH NMepegaueH. Ha puc. X1.9 noKa3aHbl CXEMbI pa3- 
JIMYHbIX THApaBJIH4eCKHX TIPHBOJOB. | 

Ha puc. X1.9, a noKa3aHa cxeMa C IJIYH>KepHbIM CepBOMOTOPOM, yCTaHO- 
BJICHHbIM Ha Kopmyce 3aTBopa. Takan CxeMa HCNOJIb3yeTCA JIA 3aTBOPOB 
Cpe€HHX Pa3MepoOB MpH HeOO/NbIIOH H cpeqHeH MOILHOCTH THApaBANyecKOrO 
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npuBoya. MHorga nilyHxKep. coeqHHAeTCA C pbIyarOoM He WapPHHpHO yepes 
cepbry, a 3y6uaTow nepengayeh. IIpu Tako cxeme npHBOa CepBOMOTOP CO- 
3laeT pafHaJIbHy!O COCTABJIAIOULy!IO, H3rHOaloulylo wandy AWCKa. 

Ha cxeme X1.9, 6 noKa3aH TIPHBOA C KPblJIbuaTbIM CEPBOMOTOPOM, yCTa- 
HOBJICHHbIM TO*Ke Ha KOpiyce 3aTBopa. JLOCTOHHCTBOM STOW CXeMbI ABJAeTCA 
KOMIaKTHOCTb C€pBOMOTOpa H OTCYTCTBHE AONOJHHTeCJIbHbIX PalHaJbHblX Ha- 
Tpy30K Ha BepXHiol Landy. HegocraTKoM ee ABJIACTCA CJIOXKHOCTb KOHCTPYK- 

HH yIJIOTHEHHA Me*KAY POTO- 

POM H ILHJIMHJpoM. YCHJHA OT 

CEPBOMOTOPOB B O6eHX paccMo- 

TPeHHbIX CXe€MaX ABJIAIOTCA 

BHYTPCHHHMH CHJIaMH  yCTa- 

HOBKH, He Harpy ?KatouluMu 

KOplyc 3aTBOpa H3BHeE. ITO 

ABJIACTCA IIPCHMYLIECTBOM 9THX 

CXeM. 

B cxeMax, H306paKeHHbIXx 
Ha puc. X1.9, 6 H 2, CepBOMO- 

TOPbl paCIOJIOKeHbI BHEe 3a- 

TBOpa Ha OTJeNbHOM (yHa- 

MeHTe. Takue CXeMbI IIpHMe- 

HAIOT JIA KPYMHbIX 3aTBOPOB 
© MOULHbIMH’ CepBOMOTOpaMH. 

YCHJIHA CEPBOMOTOPOB JONOL- 

HHT@JIbHO Harpy KaloT 3aTBOP, 

MOSTOMY MIpH pacyetTe ero 3a- 
KpelmeHHa HaO YUHTbIBaTb 

3TH CHVJIBI. 

Puc. XI.9. Cxembl npHBoga 3a- i B cxeme X1.9, 6 nepelaya 

TBOPOB | OT lWTOKa NOpwHA CcepBOMo- 
TOpa K pblu4ary OCYILeCTBIAeTCA C MOMONIbIO MpoMexyTOUHOrO mary Ha; 
NpeyCMOTpeH TakKe HanpaBAAlOWlHH KpewWKord. 

_ Ha cxeme (puce. X1.9, 2) noKa3aH NpHBO C KavalOUlHMCA WHJIHMHApOM CepBo- 
MOTOpPa, CBASAHHOTO C by HaMentom C MOMOLLbIO WWJIMHApHueckoro WiapHHpa. 
TioqBpoy Maca K KaWaloulHMCA CepBOMOTOPaM HaO OCYIIECTBIATb JIH6O C M0- 
MOILbIO THOKHX IMaHrOB H3 MACJIOCTOHKOH pe3HHbl, 1H60 “Yepe3s HeENOLBHX- 
Hy!lO OCb. CxeMa C Ka4aiolllHMcaA cepBomoTopom (pric. X1.9, 2) nomyausa pac- 
MIpOcTpaHeHHe B OTeYeCTBEHHOH MmpakTHKe. Ocb moBopota WemecooOpa3Ho pac- 
nojiaraTb TOPH30OHTaIbHO. IIpu stom 
Wanda MeHbule NOABepraetca 3arpa3sHe- 
HH1O H H3HOCY, a TakKxKe yume H yA06- 
Hee OCYIECTBAATb MpHBO ABYMA Cep- 
BOMOTOpaMH. 





KOHCTpyKUHH HCKOBOrO 3aTBOpa 





IIpHMeHseMbie (OpMbI ceyeHHH AMC- Puc. X1.10. Popma ceyeHuA AHCKOB 3aTBO- 
KOBLIX 3aTBOPOB NOKa3aHbl Ha PHC. poB: a@— co ciepnuecko# mosepxHocTDN; 


X1.10. 3atBopsi co cbepuyeckum nuc- 6 — MMOCKOCKOUIeHHHIM; 6 — NAOCKHK 
KOM B BHJe€ ABOAKOBBINYKJOH JHH3bI 

TIPHMeCHAIOTCA 3a pyOexKOM, HOcKocKomleHHbIe B CCCP. Ilo uccaeqoBaHuam 
Bb. H. SiauimHa OHH UMelOT HaHMeHDIIHe COMPOTHBJICHHA MOTOKY BOJDbI 
B OTKPbITOM MOJIOXKECHHH. SaTBOPHI C NIOCKHMH JHCKaMH JOJDKHbI CHaOKAaTECA 
CMeWHaJIbHbIMH OOTeKaeMbIMH KOKYyXaMH AVIA YMeHbIIeCHHA COMPOTHBJIeHUA 
B OTKPHITOM MOJIO%KeHHH. 
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KOHCTPpyYKUHA JHCKOBOrO 3aTBO 
A 


Puc. XI.11. 
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Ha pue. XI.1]1 noka3aHa coppemMeHHaad KOHCTPyYKUMA KpynNHoro AHCKOBOrO 
3aTBOpa C BXOJHbIM AHaMeTpoM D = 7000 ” Ana Hanopa H = 100 m uc oByMa 
cepBOMOTOpaMH 9. CTaJIbHOH Kopnyc 3aTBopa J, AHTOH WIM CBapHOH, BbINOJ- 
HAeCTCA Pa3beMHbIM C OOJIbBUIHM KOJIHMUeCTBOM peGep. B qaHHOM cCyJIy4ae OH 
COCTOHT H3 YeTHIPeX YacTeH: ABe OOKOBbIe 4aCTH C IPHJIMBaMH, B KOTOPbIX ycTa- 
HOBJICHbI BTYJIKH HOAWIMNHHKOB wand 4 qucKka. CHH3y OOKOBbIe YaCTH HMeIOT 
Jalbl, KOTOPbIMH OHH yCTaHaBJIMBaloTCA Ha (yHDaMeuT 7 ycTaHoBKH. JLuck 
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Puc. XI.12. Koucrpykuua wiapoporo 3aTBopa 
D,= 1400 mu, H = 680 mu 
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3aTBOpa TOKa3aH B AByX BapH- 
aHTax: JIMTOH KOHCTpykKUHH 2 
cBapHon 8. B o00ux BapHaHTax 
WMCK COCTOHT H3 Tpex uacrTeH: 
IlGHTpaJIbHOHM YacTH c WandamMy Hw 
JBYX CHMMeTPHUHBIX YacTeH, NpH- 
KpeImJI€HHbIX K WeHTPpaJIbHOH 4ac- 
TH 6ouTamu. Ha kopnyce 3aTBopa 
CBepxXy YyCTaHOBJIeH BO3YWHbIN 
KjianaH (BaHTy3) 3 JA BrycKa 
BO3AYXa TIpH ONOPOKHeHHH TPy- 
6onpoBoya WH TYPOHHHOH Kame- 
ppl. BaHTy3 NpeAOTBpalliaeT TaK- 
*e OOpa3zs0BaHve BakyyMa HH2Ke 
3aTBOpa, UTO YMECHbIUaeT Bpallla- 
1OlI[HH MOMEHT JaBJICEHHA BOJBHI, 
jeHcTByloluleH Ha HCK. BHus3y 
3aTBOpa MpemycmoTpeH Oannac — 


- OOBOAHBIH TpyOonpoBogd — c 31eK- 


TPO3aIBUKKOH 6, CyKalWuA WIA 
3alnlOHeHHA BOROH CNHpaJibHoH 
KaMepbl Tepe, OTKPhITHEM 3aTBO- 
pa. DTo o6ecneynBaeT ypaBHoBe- 
IUHBaHhe aBJICHHA BOAbI Ha DUCK 
c o6eHxX CTOpOH. = 

Ha puc. XI.11 noka3anHo 
yMJIOTHeHHe JHCKa C MOMOILILbIO 
pe3HHOBOrO KOJIbIla 1], BCTaBJIeH- 
Horo B rHe3sqO Koplyca 3aTBopa 
H MI pHXKHMaeMOTO KOJIbIIOM 9. Pe- 
3HHOBOE KOJIbILO HMECT OTPOCTOK, 
B KOTOPbIH BCTaBJIeH HHnNeIb 10, 
COe€IHHEHHBIH C BOS LY XONPOBOOM. 
BHYTPb pe3HHOBOLO KOJIbIla BCTa- 
BleHa CNHpabHanA pyxKuHa 12, 
C MOMOLLbIO KOTOPOH COxpaHaAertca 
Kpylrviaa POpMa pe3HHOBOLO KOUJIb- 


wa. [locme 3aKpbITHA AHCKa B pe- 


3HHOBOe KOJIbILO NOMaeTCA BO3SAYX 
KH 3a30p MexKAY HHM HM JHCKOM 
YNJIOTHACTCA. | 


‘KonctpykuHH waposoro 
3aTBopa 


Ifaposok 3aTBOp AHamMeTpoM 
1400 mm aia Hanopa H = 680 m 
noka3aH Ha puc. XI.12. OcHos- 
HbIM Y3JIOM 3aTBOpa SABJIAeTCA 


CTaJbHOoH Kopnyc /. Kopmyc cocTouT 43 ABYX NOJywWIAapHi, COeAHHAeMBIX Oou1- 
TaMH. BHYTpH KOpllyca pacnosloxKev cTabHOH poTop 3aTBopa 2, HMeIOULMH 
OpMy WHAHHApa Cc WeHTpasbHbIM OTBepcTHeM. K poTopy kKpelsatTca OouTaMH 
mee wandpl 5, HallpaBsaemble BTYKaMH 6, yCTaHOBJICHHBIMH B Kopityce. Potop 
3aTBOpa CO CTOPOHHI, OOpallleHHOH Ip 3aKPbITOM MOJIOKeHHH K HHKHeMy Obedy, 
HeceT Ha ceOe YIVIOTHHTEJIbHHIM JMCK 3, IPH2KHMAeMbIN JaBJIEHHeM BOJbI K KOp- 
nycy. YHMOTHAIOMHH AHCK HM kOpiyc conpHkKacaloTca pyr Cc Apyrom yepes3 
YIWIOTHHTeIbHbIe KOJIbILa 4, BbIMOJIHeHHbIe H3 
Hep2KaBelolleH cTasH. [lepememleHHe ynJorT- 
HHTeIbHOrO AHCKa MOCe 3aKPbITHA WH YCH- 
ave, WpwxKuMarollee ero K koprycy, Cco3a- 
eCTCH MaBJIGHHeM BOAbI, KOTOPaA NOABOAHTCA 
B KaMepy MexKJly AHCKOM HM poTopom. JIA 
OTKPbITHA YIWIOTHEHHA 3Ta MOJOCTb Ccoo6b- 
uaeTca c aTMOCdepod, HW AHCK Nepemenlaerca 
Now, JaBIeHHeM Ha HapyXHbIh OypTuK. Xor 
YIJIOTHHTeJbHOrO AHCKa OOBINHO paBeH 12— 
15 um. B nocuieqHee BpeMA NPHHHMAIOT KOH- 
CTPyYKIUHIO C JBOHHbIM YMJIOTHeHHeM — C Ha- 
MOpHOH 4YaCTH 3aTBOPa H CO CTOPOHbI HHXK- 
Hero Opetba. STO WaeT BO3SMO2KHOCTb PeMOHTA 
HW 2KHEerO YIVIOTHEHHA, ABJIAIOWLErOcaA OOBIYHO 
OCHOBHBIM paOO4HM YIIJIOTHeEHHeM. Puc. XI.13. Konpuesolt nayHxep nplit 

B KOHCTpykKIMH 3aTBOpa (pune. XI.12) cepBOMOTOP 
pa3beM kKopilyca cMelleH B CTOPOHYy. SOTO 
MO3SBONAeT pacnoOslaraTb Wandbl BHe pa3sbeMa, U4TO ABJIAeTCA JOCTOHHCTBOM 
KOHCTpykuUHH. JleranH 3aTBOpa MPHXOANTCA BbINOJHATb TOJICTOCTCHHDIMH, 
TaK KaK OHH paOoTaioT Mp BbICOKOM Hanope. 

TloBopoT WlapOBOro 3aTBOpa MOXKET OCYIIECTBJIATbCA C MOMOLLbIO CEPBOMO- 
TOPOB, BbIMNOJIHCHHbIX MO OMHOH H3 CX€M, MOKa3aHHbIX Ha puce. XI.9. 

Ha puc. XI.13 nNoka3aHa KOHCTPyYKIMA, ycnelWIHO NpHMeHAIOMaAcA VIA 
3aTBOPOB KOJIbILeBOrO MJIyHKepHoro cepBomotTopa. /[Ba KOJIbILeBbIX MVJIYH- 
*Kepa I, COCPMHHEHHEIX C andouw 2 poTropa 3aTBopa, MepeMellaloTcA B AYFOBbIx 
IWWJIHHApax 3 CepBOMOTOPA, K KOTOPbIM NOMepeMeHHO MOABOANTCA H OTBOAHTCA 
Maco. TexHosiorHyeckHe TPYAHOCTH COCTaBsJIAeT OOTOUKA HApyXHOH MOBepX- 
HOCTH IIyH>Kepa TOpooOpasHonH OpMbI C KPYyFOBbIM NOMepeuHbIM Ce4ueHHeM. 
@upma «<Aaauc—Uaamepc» Jin TAKHX CEPBOMOTOPOB NpHMeHAIa HE KPyroBoe 
nonepeuHoe ceueHHe, a KBAApaTHOe CO CKPYIVIGHHbIMH yrlaMH, OOpaooTkKa KO- 
TOpHIX G6omee mpocTa. | a 





Cxema yipaBjeHHA 3aTBOpOM 


CxeMa PHApaBsJIHueCKOrO VIpaBJICHHA 3aTBOPOM 3aBHCHT OT eFO KOHCTPYK- 
ILHH, KOHCTPYKILHH NMpHBOAa WH HA3SHAYEHHA 3aTBOPA: 3aKPbIBaeTCA JIM OH TOJIbKO 
IIpH OCTaHOBKe TYPOHHbI HOO AOJKeH 3aKPbIBaTbCA B TeKylileH Boe; NpH 
HOPMaJIbHOH CKOPOCTH NOTOKa JIH6O B caAyuae aBapHH c TpyOonpoBosoM. 
Ha puc. XI.14 B KauecTBe mpuMepa MpuBeweHa CXeMa YIPaBJeHHA WapOBbIM 
3ATBOPOM JHaMeTpoM 1700 m KoHcTpyKiHH JIM3, ycTaHOBJICEHHbIM Ha TypOHHe, 
padotaromeH mpu Hanope H = 290 m. TlomoxKeHHe MexaHH3MOB NOKa3aHo WIA 
3aKpbITOTO 3aTBOpa. J[Ba KaualomMxca CepBomoTopa 1/6, KaxKAbIN AMaMeTpOM 
400 um, IpucoeqHHeHHble K pbiuary 1/5 3aTBOpa, C MOMOLIbIO MaCla, NOABOAH- 
MOTO M3 MaCJIOHACOCHOH yCTaHOBKH / nox JaBseHveM 25 KI/cm*, co3mair ycu- 
He, HEOOXOTHMOe WIA NOBOPOTa 3aTBOPa B ABAPHHHHIX YCOBHAX, KOrfa Ha- 
NpaBJAIOWHH almapaT WH XOJIOCTOH BbINyYCK MO KaKHM-J1H6OO NIpH4HHaM He MO- 
ryT ObiITb 3aKpbiTHI. [IpenycmMoTpeH TakxKe 3anacHoH TpyOONpOBOr H OT MAaCJIO- 
HanoOpHOH yCTaHOBKH C OOpaTHBIM KlamaHoM 2. 
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CyMMapHBIH pacxoy uepe3 Tpy6onpoBog Typ6uHE Gyyer paBen 33 m3/cex, 
@ CKOPOCTb BOJbI B TpyOonpoBone ~15 m/cex. MakcHMaJIbHbIM Hanop Cc y4ueTOM 
HOBbILMEHHA JaBJeHHA cocTaBlAaeT Hy, = 374 m. Macao oT Hacoca nocTynaer 
K TIaBHOMY PaCHPeJeHTeAbHOMY 30JIOTHHKY 3, KOTOPbIH MOKeT NOMaBaTb 
ero B HOJIOCTh CeEpBOMOTOPa Ha 3aKPbITHE H MA@CJIOBOAAHOMY GJIOKHPOBOUHOMY 
3OJIOTHHKy. Boa 43 nosoctu A Kopnyca 3aTBopa JO, nomagan vepes KovIbLe- 
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Puc. XI.14. Cxema ynpaBaeHHA wapoBhM 3aTBOpOM 


BOH 3a30p B novocTb 45, NpHxKHMaeT YHJIOTHHTeCABHBIM JHCK 7 K yIWIOTHHTEJIb- 
HOMY KOJIbILy Kopnyca 3aTBopa. Jia OTKPbITHA 3aTBOPa Hao MepemMecTHuTh 
BBEPX 30JIOTHHK 3 C NMOMOLILbIO VIEKTPOMAarHHta c 3ameKOH. Maco nox AaBvie- 
HHeM MocTyMaeT K OAOKHPOBOUHOMY 30/IOTHHKY 13 H Aasee K CepBOMOTOPHBIM 
3aBHKKaM OT. BOAAHOTO /2 uw pa3srpy304HOrO -TpyOonposBoyoB. IlocaeqHHe 
OTKPbIBalOTCA, H NaTpyO6ok CNHpaAbHOH KaMepbl BMeCTe C COeCAHHUTCABHBIM 
naTpy6koM 6 HauHeT 3aNOAHATbCA BOOK MPH 3aKPbITOM HallpaBJIAIOMleM anma- 
pate. Ilonoctb 5 Mex,y .poTopoM H yMVIOTHHTeJIbHbIM JHCKOM € MOMOLIbIO pa3- 
rpy3ouHoro TpyOonposoga // coequHsetca -c. naTpy6kom'B nepey, cnupasbw, 
mocle Yero OTKPbIBaeTcA rHApokKsanan 9, Jlapnenne B MosioctH 6 pe3Kko CHH- 
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KaeTca, HW WaBeHHe BOAbI Ha HapyXKHbIA OYPTHK YNAOTHUTeJbHOFO AHCKa H3 
KaMepbht A OTKHMAeT YIVIOTHHTeJIbHBIM JHCK OT Kopnyca. Uepe3 o6pa30Bas- 
WIYIOCH Web BOWa TakxKe OyfeT NocTynNaTb B NaTpy6ok B uw CnHpasbHylo Ka- 
Mepy TYpOHHHI. 

IIpv NOBbILIeHHH JaBJIeHHA B NaTpyOKe cnupalH cpabotaeT MacJIOBOAAHOHK 
3O0JIOTHHK 4, TOjjacCT MaCJIO Ha OTKPbITHe CepBomoTopa /6, noc1e Yero 3aTBOp 
OTKpoeTca. 

JIA 3aAKPbITHA 3aTBOPAa 3O0JIOTHHK J MepemelijaeTcA B HHKHee NOIORKeHHE 
NOX MeHcTBHeEM 3eKTpoMarHHta. Macao nmocTynaeT B IHAHHAp cepBomoTopa, 
H 3aTBOp 3akpbiBaeTcA. IIpH 3TOM BOSHHKaeT THApaBsHyYeCKHH MOMeHT, JeH- 
CTBYIOWMH Ha pOTOp 3aTBOpa B CTOpOHy 3aKpbiTHA. Jia BocnpHaATHA 9TOrFO 
MOMeHTa Ha MaCJIONpOBOAaxX K C€pBOMOTOPaM YCTA4HOB.IeCHbI Apoccesupyroue 
wmah6n /7. AHaOrMuHble YCTpoHcTBa 8 yCTAHOBJIeCHbI Ha MACJIONPOBOax CepBo- 
MOTOPOB 3aOpHbIX KJanaHoB. Bo u36exKaHHe 3aCOpeHHA BOAAHOFO WHIMHApa 
MaCJIOBOAAHOTO 30JIOTHHK&a Ha BOAAHDIX TpyOonpoBoswax MpeyCMaTpHBaloTcA 
(bHIbTpHI J. 

BOK poBouHbie H J\pOcceJIbHbIe YCTPOHCTBa o6ecne4HBator NOCJIEOBAaTeJIb- 
HOCTb Je@HCTBHH Me€XaHH3MOB YyIIpaBJIeHHA. BJOKMPOBOUHEIH 3OJIOTHHK CBA3aH 
C 3aTBOpOM pblyarom /4. 


Bpi6op NapamMeTpoB 3aTBOpOB HW HX pacuert 


Hyoke alorca OCHOBHbIe MOMOKeCHHA PacudeTa 3aTBOPOB, paspadoTaHHOro 
A. E. )Kmyap [32]. 

IIpH mpoeKTHpoBaHHH 3aTBOpa HeEOOXOAMMO CTPeMHTbCA K TOMY, 4TOOBI 
noTepH Hallopa B HEM pH HOPMaJIbHOH paboTte TYPOHHb! Obl Obl MAHHMAJIb- 
HbIMH. IlorepH onpeneAtoTtcA copmy- 








v er) 
JIOH o 
Ss 
v' iL 
hy=C= (X1.23) 8 
N 9 
29g e& 
rae € — KosUuUHeHT CONPOTHBMeHHA | 
3aTBOpa. 
Ho 
_- 9 
U= mD? © 
4 
Ocs noBopoma 
CreqOBaTeJbHO, Beane 


hy =0,0827¢-5--  (X1.24) 


AJiA WapOBbIX 3aTBOPOB pH Mou- 
HOM OTKDPbITHH C = 0. 

OCHOBHbI€ COOTHOIICHHA IIA Wapo- 
BOrO 3aTBOpa MpHBeeHbI Ha PHC. 
X1.8, 6. 

Jina JUCKOBbIX 3aTBOPOB BeJIHUH- 
Ha € 3aBHCHT OT OTHOCHTeIbHOH TOVJI- 


b 
IIMHbI AHCKa —- H ero OpMBI. 


B. HW. Asmun [113] ycranosua, 
uTO HaHOomee WelecooOpa3sHOH sAB- 


JA€TCH MOCKOCKOMeHHAaA POPMA AHCKA = py. X1.15, MockocKomenunii qucK H ero 
(puc. XI.15). Ona gaer HanMeHbillee ‘Xap aKTepucTuKa 
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rHApaBAHyeckoe COMPOTHBJIeHHe H HAaMMeHbIIHA THApaBsIMYeCKHH MOMeHT 
1IpH MOBOpOTe AHCKa. Jiuametp AUCKOBOLO 3aTBOPa CICLyeT OpPeeMATb C yde- 
TOM CT€CHCHHA *KMBOTO CeyeHHA TPyOONpoOBoya AHCKOM. 
CrecHeHHe 2KHBOrO CeYeHHA YUHTbIBAeTCA KOSPPHIMEHTOM & 
a= Fe , 
mde 





(X1.25) 


rye Fy — muilomaib CeYeHHA B Ipeqenax 3aTBOpa. 
II[pH BxXoqHOM AMaMmeTpe cnupaan d AMameTp 3aTBOpa OyeT paBeH 


d 

Ds a 

[pumenserca cnelyIouluii pA WHaMeTpos: 

WIA JHCKOBbIX 3aTBOpOB — 1200; 1600; 2000; 2500; 3200; 4000: 4500; 
5000; 5600; 6000; 6500; 7000; 7500 u 8000 mM. 

WIA WapoBblx 3aTBopoB — 700; 800; 1200; 1600; 2000; 2500; 3200 «xm. 

TonujuHa AWCKa 3aBHCHT OT Hanopa; pH SoJIbUIHX Hallopax Hu, cjeoBa- 
T@JIbHO, OObIIHX Harpy3Kax NPHXOAHTCA TIPHHHMaTb OOJIbIIY!IO TOVJIMIMHY. 
Jit BBITIOJIHCHHHIX 3€BOJ4MH 3aTBOPOB 3aBHCHMOCTb TOMMLHHBI JMCKa OT Ha- 
nopa onpeesnaerca opmMyon 


3 
- ~ 0,054 V Hmax: (X1.26) 


rae Hmax — HaHOObuIHH CTATHCTH4YeCKHH Hanop (c y¥eTOoM ruypaBsHyecKoro 
yaapa) BM. 
b. H. Anwmy aert cnreqyioulve 3HaveHHA KOSPPHUMeHTA COMPOTHBJIeHHA 
IVIOCKOCKOMEHHOTO JHCKa WIA Pa3HbIX OTHOCHTCJIbHbIX TOJIUIHH Tp MOJIHOM 
OTKPbITHH 3aTBOpa: : 


Ornomenne >... 2... 005 OS, 


Kosppunnent conpoTuBieHua C. . 0,031 0,044 0,065 0,096 0,147 0,222 


SaBHCHMOCTb OTHOCHTeC/IbHOH TOJIUJHHbI AHMCKa WH KOSpPHUHeHTOB C HU @ 
JIMCKOBbIX 3ATBOPOB OT Hallopa npuBeseHa Ha pHe. XI.14. 

IIpu mpoekTHpoBaHHu 3aTBOpa H ONpeseneHHA CHJL H MOMEHTOB, JeH- 
CTBYIOWIHX Ha Hero, OObIMHO NOMb3yIOTCA JAHHBIMH MOJCJIbHbIX HCIbITAaHHH 
3aTBOpoB. CHJIbl H MOMEHTHI, BOSHHKalOllHe B 3aTBOPe OT BOSAEHCTBHA NOTOKa, 
MNpOMOpwHOHaJIbHbI KBaypaTy ero CKOPOCTH: 


P; = Ay (a) D3v’ 


3 9 (X 1.27) 

M; = i (a) D3v ; 

rae @— yroul, onpesenimAiomMH momoxKeHHe padouero opraHa 

3aTBOpa B IMOTOKe. 

A, (@) HL; (&) — ONbITHbIe KOSPPUMNeHTH, 3ABHCALMLMe OT POPMbI 3aTBOPA. 

CkopocTb BOJbI B OTBEPCTHH 3aTBOPa IPH pa3HOM MO/IO2%KeHHH ero paoo- 

uefO OpraHa 3aBHCHT OT FHfpaBM4yecKux compoTHBeHHH. IlosTOomMy pH 
HCMbITAaHHH MOeNeH ONpeseAIOT BeEJIM4YHHY NoTepuH Hanopa 


AH = (a) 5, —— (X1.28) 


rie © (%) — onbiTHE KosppuWHeHT, 3aBHCALLMH OT OpMbI 3aTBOpa. 
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SHaYeHHA CKOPOCTH ONpeNeAIOTCA BbIPaxKeHHeM 


29H 4 
y= ey (X1.29) 
[e (a) —e (0)] + =i 
0 


re Ug H € (O) — CKOpOCcTb HM MOTeEPH MPH NOJIHOCTbIO OTKPbITOM 3aTBOPE. 
Torga ycusiue 6yeT paBHo 
P, = 786i) _—_ yp. (X1.30) 
le (a) — 2 OQ) + a | 
0 


MomeuT OyeT paBeH 


M, = ——8#()_____ HD. (X1.31) 
gl, 
[& (a) —e (0)] + 7 
2% 
Ha puc. XI.16 noka3aHo jelcTBue CHJI H MOMeHTOB Ha JIHCK 3aTBOpa 
mpH oOTekaHHH ero MOTOKOM BOJbI B ABYX CJlyuaHx: 

a) KOra HWKHAA KPOMKa 
WHCKa Mp OTKPbITHH JBURKETCA 
no MOTOKY; 

6) Kora HHKHAA KPOMKa 
HCKa Mp OTKPBITHH ABHKeTCA 
HaBCTpeyy MOTOKY. 

LicnbiraHHvA MOKa3biBalorT, 
4YTO FTOPH3OHTaIbHOe ycuuHe 
Ha WHCK BCergqa HanmpaBsieHo 
M0 CKOPOCTH Uv, BepTHKaJIbHOe 
ycHIHe HallpaBJieHo BBepx 
(puc. XI.16, a) wu BHM (puc. 
XI.16, 6), a ruaqpaBrnyeckuit 
MOME€HT CTPeMHTCA NOBepHYTb 
AUCK Ha 3aKpbiTuHe. 

[IpH NOvIHOCTHIO 3aKPbITOM 
AucKe 3aTBOpoB (a = 90°): 

1) ropH30HTalbHoe ycusHe 
OyAeT paBHo 


P.(90) = y"2- AH, (X1.32) 





roe AH — nepenay aBleHua 
BM 600. cm. Ha o6e 
CTOPOHbI JHcKa; 
2) BepTHKasIbHOoe ycuaHe P, (90) = 0; 
3) MOMeEHT THApaBNYecKHH MpW BePpTHKaJIbHOM pacnomOKeHHH OCH NO- 
Bopota 


Puc. XI.16. Cunt 4 MOMeHTHI, AeHicTBylolulve Ha AWCK 
3aTBOpa 


M (90) = 0. | 
4) TIpH ropH30HTaJIbHOM pacnoOJIOHKeHHH OCH Ha WHCKe MehcrByeT rHuApo- 
CTaTHYeCKHH MOMCHT 
nyD3 


M = a 


(X1.33) 


B kayecTBe TIpHMepa, xXapakTepH3yloulero 3aKOH H3MeHeHHA 3HadeHHA 
CKOPOCTH, rHApaBJIM4UeCKOrO MOMeHTA H CHI, J@HCTBYIOWHX Ha JHCK pH pa3- 
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HbIX CFO MOJOKeHHAX, Ha pc. XI.16 npuBeseHbI COOTBeTCTBYIOMIMe rpapuku, 
NO JaHHbIM ucnbiTanHi B. VW. Auwuna. SHaveHua Wanbl JA onpezesenHon 
BeEIHYHHbI MpHBeAeHHOTO THApaBMHYeCKOTO CONPOTHBJICHHA &,, = 1. 

IIpH H3MeHeHHH 3TOH BeIHYMHbI XapaKkTep KPHBbIX v H M u3mensertca. 
XapaktTep kpuBon v = f (a) urpaer CyLeCTBeHHY!O POJIb IPH pacueTe rHypaB- 
awHueckoro yapa. 

IIpu onpeqesweHuH MOMeHTa CepBOMOTOPA, MOTpeOHOrO JIA NepeqBHKeHHA 
3aTBOpa, HeEOOXOAHMO YUHTbIBAaTb MOMHMO FHApaBJIHYeCKOTO MOMeHTAa Tak»Ke 
MOMeHT TPeHHA, KOTOPbIH OyeT BOSHHKATb B Watldax 3aTBopa. Moment Tpe- 
HHA OyeT 3aBHCeTb OT peakuHh R,, KOTOPbIe ONpeseNAIOTCA MO WaBJIeHHIO 
Bowbl P uw ycusinto cepBomoTopa P,, 


Mmnp =f d1,Ry, | (X1.34) 


rye J — KOS*DuILHEHT TPeHHaA; 
— pannyc wands. 
Tis HanOoulee YaCTO MPHMeHAIOULeEHCA CXeMbI IIPHBOa 3aTBOpa C Kaualwo- 
HJHMCA C€PBOMOTOPOM B COOTBETCTBHH CO CX€MAMH PHC. X1I.9 u XI.11 ycuanue 
cepBomoTtopa P, 6yeT paBHO- 


(M+ Mmp) V R? + L? — 2RL cos B | 
P= ORL Sin BT? (X1.35) 


rye R — payuyc pbuara 3aTBOpa; | 
L — paccTosxuue OT ocu NoBopota pbiuara 10 OCH NOBOpoTa CepBoMoTOpa; 
6 — yroJlI MexJy pbIuaroM H JIMHHeH, COCMHHATOWMeH OCH BpallleHHA pbI- 
yara HU CepBOMOTOpa. DTOT yroA OyweT H3MeHATHCA C H3MeHeHHeEM 
yrla MOBOpOTa 3aTBOpa; 
Z — YHCJIO CEPBOMOTOPOB. 

IIpu pacuere Ha NpOwHOCTh HW ONpesAeeHHH TOMMHHbI WHCKa ero paccma- 
TPHBAIOT B 3€KPHLITOM NOMOKeHHH. JlaBeHHe, AeMcTBylollee Ha AHCK 3aTBOpa, 
H3rHOaer ero B ABYX IIOCKOCTAX, COBNasalouleh c OCbIO Land WH nepneHAuKy- 
JApHOHW K Hew (puc. XI.10). 

Msrn6aiounit MOMEHT B CeUeHHH, COBMasarollleM C OCbIO wand (M,), Oyzer 
paBeH 


M, = y AFr,, 
2 


uD | es 
rye F = eT nsIOULayb nouyAucKa; 


2D 
ro = 3, —— paccToaHHe OT weHTpa TAKECTH noua yu nomymucKa No 


OCH NOBOPOTa WucKa. 


CieoBaTeJIbHo, 
ps | 
Ma= yH =; - | (X1.36) 
Hsrn6aioumuh MoMeut (Mz) B cedeHHH, NepleHAHKy/JIAPHOM OCH Wand, paBeH 
Me, — Vy HFr,, 
D | 2 
HO fg +f => » CEMOBATEIbHO, Ty = D (> —37). 
TlogqctaBiaa, NowyuHM | 
Mp = 1,36yH 2. (X1.37) 


CreqopaTeJIbHo, H3rH6aioujHi MoMeHT Mz B cpeyHeM, NepneHAMKy/IAPHOM 
OCH NOBOpoTa, CeYeHHH AUuCKa 3aTBOpa B 1,36 pa3 Oombwe H3rHOalollero MO- 
MeHTa M, OTHOCHTeJIbHO OCH MOBOpoOTa. 
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HanpsaxeHHA B JHCKe paBHbl 


o=—> (X1.38) 


KoucTpykuHa HroJbuaTOrO 3aTBOpAa 


HrojmbyatTple 3aTBOpbl NOUN WINpoKoOe paciipocTrpaHeHHe B MHpoOBOoH 
MpaKkTHKe B KayecTBe COPOCHbIX 3aTBOPOB Ha BOROXpannHax TOC u uppn- 
PaluHOHHbIX COOPyKeHHAX TIpH BbICOKHX Hanopax (nopagzka 100—200 4). 
[IpeuMyulecTBOM HIOJIbYaTHIX 3ATBOPOB SABJIACTCH BO3MOXKHOCTb TOYHOFO 
peryJHpOBaHHA pacxOa OT HYyJIA JO MAKCHMYM@, He3HauHTeJIbHad KaBUTallHA 
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Tr YO Ko numneny —- Puc. X1.17. Kouctpykuua wronbuatoro 3aTBopa 
boegy D = 4200 um ana Hanopa H = 200 m 


Mp paOoTe C MOMHbIM OTKPbITHeM H 3HAYHTeIbHO MeHbIwWaA KaBHTalHA pH 
paOoTe Ha 4aCTHYHbIX OTKPbITHAX, YEM Y 3ATBOPOB APYrHX THHOB. 

IIpHBox HrombuaTOrO 3aTBOpa MOXET ObITb BHIMOJIHeEH KaK THApaBJIMYeCKUM 
(aBJIeHHeM BObI H3 HaNOpHOrO TpyOompoBoga), TaK HW NOCpeACTBOM OTJIEVIb- 
HOrO Ce€pBOMOTOpa, JeHCTBYIOWero OT WaBeHHA Macwia. TlocmeqHAA KOHCTPyk- 
HA HTO/IbuUaTOrO 3aTBOpPAa B pAe Cy4aeB MOXKET NOJYAHTHCA Goee NMpocToH 
H T€EXHOJIOTHYHOH, YEM KOHCTPYKIUHA 3aTBOPAa C BOAAHbIM MPHBOOM. 

Ha puc. XI.17 noka3aHa KOHCTpykKTHBHaaw CxeMa 3aTBOpa C MAaCJIAHbIM 
IIpHBOJOM, paspadoraHHaa IKTH um. Tlom3yHoBa Ha- napamMerTpbl: AHameTp 
D = 4200 mm, Hanop H = 200 om. 
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SaTBOp COCTOHT H3 AHWeOOpasHoro Kopnyca /, BHYTPH KOTOpOrO pH Ho- 
MOULH peOep 2 2%ecTKO yKpelluieH BHYTPeCHHHH ILWIMHAp 4 c O6TeKaeMOH KPbILU- 
KoH /4. BHyTpH WHIHHOpa 4 pasmMelleHa NOABHKHAaA Ura J] 3aTBOpa, WLHIHH- 
ApHuecKaA YaCTb KOTOPOH yIVJIOTHAeTCA OTHOCHTeJIbHO KOpnyca J KOJIbILOM 38. 
[wav apHueckasd YacTb Hrvibl // nepeMelljaeTcaA BHYTPH WHJIMHIpa 4.8 mpere- 
ax CBOETO XOJa S H HalpaBJAeTCA IPH 9TOM KOJbILOM 3 4 pe6pamu 10, pacno- 
JIOAKCHHBIMH B CyKalOWleHCA KOHHYeCKOH YacTH KOpmyca J. 

IlpuHpoy NOABHxKHOH urabl J] 3aTBOpa OCYIIECTBAAeCTCA OT OTJeAbHOFO 
cepBoMoTopa 5, NopmieHb KOoTOporo /3 coeqHHeH MocpeyxCTBOM wiToKa 1/2, 
HMetollero ccbepHyeckuhe wapHuph /5 u 6 Ha KOHWAaX. STH ccepHyeckne iap- 
HHpbl OOecieyHBaloT pasrpy3Ky cepBoMmMoTopa 95 oT paqvatbHbIx ycHHi, 
MOryIHX BOSHHKHYTb IIpH MepeMelleHHH HIbl MexKAy HeH H Kopnycom J. 
B oTsMuHe OT CYLIeECTBYIONLNX KOHCTPYKUHH 3aTBOPOB C MaCJIAHbIM IIpHBOJOM, 
rye MpHxKaTHe HIbl K KOPMycy 3aTBOpa NpOH3BOAHTCA aBJIeHHeM MacCJia 
B C€pBOMOTOpe, B HACTOALIEM IIpoekTe pa3pa6oTaHa MpPHHILHNHaJIbHO HOBAaA 
KOHCTPyYKIUMA HrovbuaToro 3aTBOpa. Ona OTMHYAeTCA OT CYHIECTBYIOMNHX TeM, 
uTO IPH xOjJle HIJIbl CepBOMOTOpa Ha 3aKPbITHe CEPBOMOTOP HCHOMb3yeTCcA 
TOJIbKO WIA MePeMeLeCHHA HIJIbI H MpeosOJeBaeT OCTAIOULYIOCA HeypaBHOBe- 
ICHHOCTh THU paBlwyecKHX YyCHJIHH Ha pa3rpyXKeHHy!lO Hy 3aTBopa Hu 
CHJIb! TpeHun. [IpuxaTwe x#e HYIbl K KOpllycy 3aTBopa MpOuSsBOANTCA 
laBJICHHeM BOJbI Cc BepxHero Obeta, MoaBaeMoH BO BHYTPeHHIOI0 MOJIOCTb 
3aTBOpa. 

Ilpu STOM BCeACTBHe 3HAYHTeIbHOrO AHaMeTpa HIVIbl 3ATBOPa HMEeT MECTO 
BeCbMa Oo/IbiIOe THApaBsH4eCcKOe ycusive Ha HIviy, OOecneuMBalollee BeCbMa 
MIOTHOe IpHKaTHe HIJIbI K KOPIycy 3aTBOpa, MHOrO MpeBocxossaAlee TO ycu- 
Jie lipHKaTHA, KOTOPOe MOrJO Obl ObITH OOecCHeYeHO CepBOMOTOpOM J. 

[uapaplinyeckand pasrpy3Ka urabl // Npow3sBouTCA yepes OTBepcTHA 9 
H TpyOku 8, NocpeAcTBOM KOTOpbIxX 30Ha A NMOTOKa cooOllaeTcA 4Yepes OHH 
HWJIH HECKOJIbKO K1anaHosB 7 Cc BHYTpeHHeH NosocThio urub J] 3aTBopa. [ugpas- 
WMyeCKaA Pa3srpy3Ka Hbl 3aTBOpa Mp BbICOKHX Hanopax (nopxyKa 200— 
300 m) ABJIMeTCA HEOOXOZHMOH JIA CHH2KCHHA peakI[MH NOTOKAa Ha MIVy pH 
xoyle ee Ha 3aKPbITHe, a CIeEOBATeJIbHO, H YMeHbILeHHA TpeOyemMoro ycHuHuA 
cepspomotopa. IIpu orcyTcTBHH pa3srpy3KH mpu AaBseHHHn 40 KI/cm*, OObIdHO 
IIPHMCHAeCMOM B CHCTeMe peryJIHpOBaHHA FHApOTypOuH, AHameTp cepBomoTopa 
BO3PacTaeT HACTOJIbKO, TO HE MOXKET Pa3SMECTHTbCA B KOpMyce 3aTBOpa. 
Tloppiuenue Ke 2aBsIeHHA CepBOMOTOpPa AO HECKOJIbKHX COT aTMOChep, TpebyA 
CHEIHAJIbHbIX HACOCOB H apMaTYPBI, emaeT HrOMbuaTHI 3aTBop MeHee Hajlex- 
HbIM B 9KCINyaTalun. 

AJA 3amwpaHHaA 3aTBOpa CJIYKUT BeHTHJb HH KianaH 16, coeqHHAIOULHH 
nojoctb 6 c BepxXHHM Obedom. Jia CHATHA DAaBsleHua M3 NoocTH 6 ona co- 
€NHHAeTCA C HHXKHHM Obe*OM MOCpeACTBOM BeHTHJIA WH KanaHa /7. Tipu 
9TOM OTKPBbITHE 3aTBOPa OCYIIECTBJIAe€TCH B OCHOBHOM 3a C¥eT YCHJIHA CepBo- 
MOTOpa H OTUACTH peakKHH NOTOKa Ha uray. YpaBHUTelbHan wiahHOa 18 culy- 
XKMT JIA NOATOHKM OMTHMAJIbHOrO pexkKUMa THAPaBANYecKoH pasrpy3Ku. O6- 
paTHad CBA3b OCYIeCTBJIAeTCA TocpeazcTBom Tpoca 19, cBA3aHHOTO C HYJIOH 
H C NPOXOJAWHM 4epes CaJIbHHK 20 cTepxKHeM HIM THyOKoH 21. 

Jia OTKPbITHA 3aTBOpa BeHTHIb 1/6 (K BepxHemMy Obedy) 3aKpbiBaeTca, 
a BeHTHIb 17 (K HHKHeEMy Obedy) oTKppHiBaeTca. JlaBeHHe B MomocTH 5 
mayaeT, moce yero nepemMemlenve uribt JJ Jo Tpe6yemoro NoJIOKeHHA OTKPHI- 
THA NPOHSBOAUTCA IIpH NOMOIWLH WITOKa /2 cepBomMoTopa, Mocwe Yero BeHTHb 17 
3aKPbIBaeTCA. 

IIpuH 3TOM aBJIeHHe Ha BHeIIHeH YaCTH UPJIbl, O6TeKACMOH TOTOKOM, H 
BHYTpH Hee ypaBHOBelMBaeTCA Yepes Pasrpy304uHble OTBepctHAa 9 TpyOKH & 
HW Kilanay 7, a ruapaBsuyeckoe ycuHe, mepeqaBaemoe OT Hrvibl // K CepBOMO- 
TOPy 5, 3HAUHTeCNbHO YMeHbIUaeTCA. 
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SakpbiTHe 3aTBOpa MPOH3BOAUTCA C NOMOLIbIO CepBoMOTOpa 5 pH 3aKpbi- 
TbIX BeHTHIAX 16 4 17 WM pa3srpyxKeHHOH OT peaklHH noToKa urue //. Korna 
CepBOMOTOP 9 3aKPbIBaeTCA TOJIHOCTbIO, BEHTHJIb 7 OTKPbIBaeTCH UH WaBeHHe 
BOAbI C BepxXHero Obectha MAOTHO Np oxKUMaeT HIVy 3aTBOpa K CeIy KOpTyca; 
pasrpy3O4HbIM KJlalaH 7 TPH 9TOM 3aKDbIT. 

[locue OTKpbITHA BeHTHJIA 16 JaBeHHe B CepBOMOTOpe 8 CHHMaeTCA. 

I[pH YaCTH4UHOM OTKPBITHH 3aTBOpa BeHTHIH /6 u 17 3aKpbITbI H MaBMeHHe 
BOAbE Ha HIVy J7 B OCHOBHOM ypaBHOBelHeHO. SOJIOTHHK yipaBJeHHa (Ha 
yepTexe He MOKa3aH) CepBOMOTOPOM 5 HaXOMHTCA B CpeAHeM MOJIOXKeHHH OT- 
KPbITHA MACJIOM, 3aNOJIHAIOULHM CepBOMOTODp 9. 

BesleqcTBve Toro, YTO NOJIHOK THApaBAHYeCKOH ypaBHOBelleHHOCTH UHrvibt I 1 
JOCTHTHYTb HeJIb3A, Aa CEPBOMOTOP O OyeT HMeTb HEH36eEKHbIe MPOTeUKH B 3a- 
30pax nopuinw 13 U 3000THHKA, urvia OyeT MEAJICHHO OTXOJHTb OT 3aaHHOro 
NOJIOKEHHA. 

Bo3spat urup // B npexkKHee NOMORKeHHE MPOH3BOAHTCA MpH MOMOLIH cule- 
aytoulero yCTpOHCTBa (Ha YepTexKe MOKa3aHO), AeHCTBYIOWero OT CTepxKHA 2] 
oO6paTHOH CBA3H. STO ycTpoHcTBO MepHORHYeCKH BKJOUaeT JIECKTPOABHTa- 
TeJIb HaCoca CepBOoMOTOpa 6 H NepemellaeT 30JIOTHHK yiIpaBJICEHHA CepBOMOTOPOM 
B NOJO*KeHHe, TpeOyeMoe AVIA BOSBPaTa HIbI Ha BEJIMYHHY MpexKHero OTKPHITHA 
3aTBopa. 

IlpH MpoduvAnpoBaHHH MpOTOUHOH YaCTH HLOJIbYaTOFO 3aTBOPa [IaBHbIM 
ABIAeTCA CO3MaHve Takoro NpopwA, KOTOPHIH pH HaHOo/IbuieH MpomycKHOoH 
CNocoOHOCcTH OONaqal Obl TaKxKe HU XOPOLWIMMH KaBHTaLHOHHbIMH KaueCTBaMH. 
B 2aHHoM CJlydae KaBHTalHA ABJAeTCA OMaCHOH [aBHbIM OOpa30M Kak HC- 
TOUHHK BHOpallH 3aTBOpa. ABMeHHA KOPPO3HH B aHHOM CJly4ae OKa3blBaloTcA 
BTOPOCTeneHHbIMH, TaK KaK HYTO/b4aTbHIn 3aTBOp padoTaer cCpaBHHTeJIbHO 
peiKO riaBHbIM O6pa30M B MepHO, MaBOKOB. 

JA YMeHbIIeCHHA IlyJIbCalkHH MOTOKA B 3aTBOPe, BbISbIBAeMbIX KABHTAalHeH, 
(IpakTHKyeTCA NOABOL BO3AyxXa B MpOTOUHYyW YacTb 3aTBOpa. 

IIponmyckHaa cnocoOHOCTb 3aTBOpa MOXeT ObITh ONpedemeHa MO PopMy.te: 


Q = vFu, 


rye U — CKOPOCTb TeYeHHA BOAbI B 3aTBOpe B m/cexK; 
F — omwayb BbIXOMHOrO CCYeCHHA 3aTBOPAa B M?; 
LW) — KOSPDUILMeEHT PpacxOfa, YAHTHIBAIOWHH Tak>Ke CTeCHeHHe BbIXOJHOTO 
CeYeHHA 3aTBOpa KOHILOM HIvibl. JIA MpeQBapHTeJIbHbIX MOACYeTOB 
MOXKHO NpHHuMatTp pw = 0,78. 
KospbulveHT COMPOTHBJIeCHHA HFOMbYaTOFO 3aTBOPa OTHOCHTEJIbHO HeBe- 
THK H MOET ObITb ONpeweeH 10 PopMyuvie 


0,123 
c= 3 ’ 


VD, 


rae D. — BHIXOXHOH AHaMeTp 3aTBOpa B MoM. 





5. KJIANAHbI CPbIBA BAKYYMA 


Ha ruapotypOuHax B ee KDbIIIKe YyCTaHaBJIMBalOTCA KJlalaHbl Cpbibpa 
BakyyMa. OHH lpeqHa3Haualorcad JIA BiycKa aTMocdepHoro BO3zAyxa B NHo- 
JOCTb NOX KPbIKY TYPOHHbI, B KOTOPOH BCJleACTBHe ObICTPOTO 3aKPbITHA 
HalpaBJAlolulero annapata mpuH cOpoce Harpy3KH MOXKeT BOSHHKHYTb 3HadH- 
T@IbHLIA BakyyM. BewH4HHa 9TOFO BaKYYMa 3aBHCHT OT NapameTposB rHyApo- 
arperata, Hallopa UW pacxOjla BOJbI, BbICOThI OTCACbIBAHHA, CKOPOCTH BpallleHHaA, 
CKOPOCTH HW XapakTepa JBHKeHHA HanpaBJAloulero almapata u T. nu. Baaro- 
Japa CpbIBy BaKYYyMa KDpbIliKa TypOHHbI MpesqoxpaunAetca OT AeHCTBHA OOparT- 
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Puc. X1.18. Kanan cpbiBpa BakyyMa 
C MPHHYAHTeIbHLIM MPHBOXOM 
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Puc. X1.19. KaanaH cpsipa Bakyyna, 
. 6e3 MmpuBoza 
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Horo rHApaBsInyecKOrO yAapa, KOTOPbIM HHO- 
ra BO3HHKaeT TPH PaspbIBe CIIIOMIHOCTH 
HOTOKa Ha pa6ouHM = KOJIeCOM B_Mpowecce 
peryMpoBaHHA. = | 

‘BaaroqapsA eHCTBHIO KJlanaHOB CpbIBa 

BakyyMa Take CHHKaeTcA Hallop, co3ja- 
BaeMbIM pa6O4HM KOJIECOM IIPH BO3MO2KHOM 
HaCOCHOM pe2KHMe pa6oTbI Kovleca, YTO YMCHb- 
11aeT BeEMYHHY OCeBOH peaKILHH BOAbI. B Ta- 
KOM pexKuMe OceBbie peaKWHH Ha JOMacTAX 
Koleca HallpaBJeHbI CHH3y BBepxX. IIpH He- 
ONarOnpHATHbIX OOCTOATeEIbCTBaX peaKkKILHA 
MOXKeT TPeBbICHTb BeC poTopa arperata Hu 
nOQOpocuHTb ero BBepx. B HeKOTOPBIX CJy- 
ywaAX pH pa6ote TypOHHbI Ha XOJIOCTOM 
XONY HaOsromaeTcnx HecnoKOHHaA paodota u 
MOBbIMeHHe BHOpauuH yacten arperata. Jaa 
YCTpaHeHHA 3THX ABJICHHH BbINYCKAaIOT BO3- 
AyX MOM KpbllIKY TYPOHHbI Yepe3s BOSAYIU- 
Hble KanaHbl. 
Ha puc. XI.18 noka3aH NpHMeHsAeMbIi 
B THApotyp6ocTpoeHuu KJlanaH CpbiBa Ba- 
KYyMa C IIpHHyAHTeAbHbIM . MpHBOJOM OT 
peryJHpyloulero KOJIbILa C MaCJIAHbIM KaTa- 
pakTom. IIpuBog oT peryHpyroulero KOIbiIa 
BO3MeHCTByeT Ha WITOK Cc NopwiHem 4, KOTO- 
pbIw pacnowo*«KeH B WHaHnHApe 6. LilToK mpo- 
XOJMT B Kpbilike 2 H NoALepxKUBaeTCA B BEpX- 
HeM TIOJIOKeHHH BMeECTe C NOPLWIHeEM TIpyKu- 
HOH /. Uuannap 6 uwepe3 wWTOoK coeqvHeH 
c TapetkoH 9 KnanaHa. IipyxuHamu 7, & 
IWIMHAp*c TapesIKOH NpwxKuMaeTCAH K KOp- 
nycy 5, 3aKpbiBad OTBepcTHe AIA Mpoxoga 
BO3]yxXa. - 

IIpu ObicTpoM mepemelleHHu peryJHn- 
pytoulero KOJbia H, CeOBaTebHO, ObI- 
CTpOM llepeMeHIeHHH MpHBOZa c Nopu- 
HeM 4 MaCJIO, paCMouoxKeHHoe B ILMJIHH- 
ype, He ycmeeT mepereuyb vepe3 oOTBep- 
CTHA 3 B Nopmve HW co3zacT MaBAeHnHe, 
KOTOpOe mpeogxomeeT ycHiHe NpyKHH 
7, 8. Tora WHIHHOp c TapeaKoH KJla- 
mana OycTHTCA BHH3 HW BO3AYX CMOKeT 
MpOXOAHTb wepes K1anaH B NOMOCTb Typ- 
Ounbl. IIpH MeqIeHHOM TlepeMellleHHH pe- 
ryHpyloulero KOJiblla H NOPWIHA MacJIO 
ycneeT mepeTreyb B BepXHIOIO WaCTb IH- 
JHHApa H KJlalaH OCTaHeTCA 3aKPbITbIM. 

ONbIT SKCIIyaTaluv TaKHX KJ1alaHoB 
CBHZeCTeJIbCTByYeT, UTO CBA3b JeHCTBHA 
KJlanaHa C peryJIMpylOWlHM KOJIbIIOM He 
aeT BO3MOXKHOCTH UX HCHOMb3OBaAHHA 
AA ynopswovwenHHaA noToka np Harpys- 
Kax, MeHbIUHX 50%, Korga HaOmoaercA 
BHOpaunaA. Ilostomy B mocjeqHee BpeMs 


IIPHMeCHAIOT HOBYIO KOHCTPyKIHIO KJlalaHa cpbIBa BakyyMa 6e3 MNpHBOsa 
OT peryHpyolulero KOJIbIla WH 6e3 MaCJIAHOrO KaTapakta (puc. XI.19). 
Tapeika KJlanaHa 7 NpywxKHMaeTCA K *MaHy 5 kopnyca 4 3a cueT ycHIMA 
MIpyXKHHbI 2, BO3SLeHCTBYIOWeH Yepe3s wahOy / u ITOK 3 Ha KaamaH. TIper- 
YCMOTpeHO YIIJOTHHTeIbHOe Pe3HHOBOe KOVIbIO 6. IIpumepHbie raOapurbi 
H YCHJIMA TpyxXWHbI yKa3saubl Ha pue. AI.19. 

B 3TOM KjlamaHe BKJIOUCHHE H BbIKJIOUeHHE U3 PadooThl IPOMCXOHT B 3aBH- 
CHMOCTH OT BeJIHUHHbI BAKyyMa MO, KlamaHoM. OKCIyaTauuA TaKHX KJlamaHoB 
moKa3aJlia HX Hafex*KHylO paootry He TOJIbKO pH COpocax Harpy3KH, HO H TIpH 
paOoTe Ha XOJIOCTOM XOJy. 

Ceyeuhe KJlanaHa F BbiOHpaeTCA B 3€BHCHMOCTH OT MAKCHM@JIbHOrO pac- 
xOZa Bob! Q TYPOHHBI 
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fuaasa XII 


KPATKHE CBEJEHHA O KOHCTPYKUHH 
PETYJIATOPOB FHAPOTYPBHH 





1. FAXJPOMEXAHHYHECKHA PErYJIATOP 


J\BuxKeHve poTopa rHApoarperata onpesyeiseTCH OCHOBHbIM ypaBHeHHeM 
MalliMHbl 


dv) 
J =Mo—™., 


rye J —- MOMeHT HHepILHW Bpallarwulenca 4wacTu arperata; 
© — yrJloBad CKOpOCcTb arperata; 

M,— MOMeHT CHJI COMpOTHBICHHA (BHEIWHAA Harpy3Ka Ha reHepatTop); 

Ms — MOMeHT JBYHXKYINUXCA CHJI, pa3BHBaeMbIH TYpOHHOH. 

Uactota 31ekTpHYecKOrO TOKA, BbIpaOaTHIBAaeMOrO TeHepaTOPOM, OKA 
ObITb MpakTHueCKH MOCTOAHHOH. Tak Kak 4acTOTa NpONOpmHOHaAbHa YrJIOBOH 

dw 

CKOpPOCTH arperatTa, HEOOXOAHMO UuTOObI ycKopeHHe a Q, 4TO HMeeT MECTO, 
e€CJIH MOMEHT ABH KYUIUX CHA PaBHAJICH MOMeHTY CH CONpPOTHBJeHHA 


Ma — M.. 


Takum o6pa30M, AIA NOLepKaHuA NOCTOAHHOH YaCTOTbI 9eKTPHYeECKOTO 
TOKa IPH H3M€HEHHH Harpy3kH reHepaTopa HeEOOXOAHMO COOTBETCTBeEHHO H3Me- 
HATb MOMECHT JABHKYIUIMX CHI, CO32aBaeMbIh TypOuHOK. Ho 


My ==: V2 


@ 


H H3MC€HATb MOMEHT JBHXKYUINX CHI yhoOHee NyTeM H3MeHeEHHA pacxoya BOJHI, 
lipotekawulenh uepe3 TypOuny. PeryHpoBaHHve pacxoa B pajWasIbHO-OCeBbIX 
TYpOHHAaX OCYULECTBAeTCA AOMATKAMH HalipaBJAlolWero almapata, a B MOBO- 
POTHOMONACTHbIX — COBMECTHO JIOMaTKaMH HallpaBJiAloWlero allmapata u JO- 
nmacTAMU pa6ouero Kosleca. 

B ruapotyp6uHax NpHMeHsAeTCA PJIaBHbIM OOpPa3soMm peryJIHpOBaHHe MO CKO- 
pocTH, T. €. KOMaHJOH JIA WeHCTBHA CHCTeMbI peryJIMPpOBaHHA ABIAeTCA OT- 
KJIOHCHHeE YIJIOBOH CKOPOCTH. 

O6ulan TeOopHA peryJIMpOBaHHA MALUHH NOApOOHO paccMoTpeHa BO MHOTHX 
paOotax. II]pumMenuteibHoO K THApoTypOuHaM BompocaMH pery/IMpoBaHHA 
3aHHMaica HM. H. Bosnecenckuii [16]. 

JjaibHehiue BOMpochl peryHpoBaHHA NOJy4aHn pa3sBuTHe Ha JIM3 npu 
CO3aHHW peryJIATOPOB JIA MOLIHbIX THApOTypOuH. 

KoncTpyKWHH HW TeOpHA COBPeMeHHbIX PeryATOPOB THApoTypOuH M0- 
po6Ho H310%KeHbI B MOHOrpaduax IO. HM. TapKkasu u M. O. CmupuHosa [18], 
H. K. Bapkospa [3], TF. H. Kpupuenxo [56], H. I. Monyurkuna [74]. 

PeryaATOpbl ABTOMATHUeCKH NOAMepKUBAIOT MOCTOAHHOeE YHCIO OOOPOTOB 
MyTeM NipHBeqeHHA MOMeHTa TypOuHEI Mg B COOTBeTCTBHe C MOMCHTOM TreHe- 


patopa M,, pa6oraiomlero B YCJIOBHAX MPOH3BOJIbHOH H3MeCHAIOWMeHCA BHELI- 
HeH Harpy3kKH. 


542 


Tl moBpopota peryJIMpyloulux OpraHoB, JOMaTOK HalipaBJarolero aria- 
pata u JlonacTeli pa6ouero KoJeca HEOOXOAMMbI OOJIbINHe YCHJIMA, H3MepAeMbIe 
COTHAMH HM ThICAUaMH TOHH. YCHJIHA CO3MalOTCH [VIaBHbIMH CePBOMOTOPaMH 
TYPOHHbI, KOTOPbI€ ABJIAIOTCA HCHOAHUTEbHBIMH OpraHaMH CHCTeMbI pery- 
JMpoBaHHaA. McnouHHTebHbie OpraHbl CBA3aHbI C MaATHHKOM peryJATopa, 
KOTOPbIfi pearupyer Ha MaJlefiliMe H3Me€HCHHA CKOPOCTH H OKa3bIBaeT BO3eH- 
CTBHe Ha Jpyrve 3JIeMeHTbI CHCTeMbI peryJIHpOBaHHA, NMepemellalouiHecs 
B COOTBETCTBHH C 3THM B TOM HJIH HHOM HallpaBJieHHH. 

Ilo npuHuuny yelicrBHa MaxATHHKH pa3iMualoTCH Ha WeHTpoberkHble, 
rupaBsudeckHe H dieKTpHueckHe. B rHapoTypOocTpoeHHH HaHOovlee WINpoKoe 
pacnpocTpaHeHve MMeeT IeHTpOOeKHbIH MaATHHK, B KOTOPOM H3MeHeHHe CKO- 
DOCTH IpHBOAHT K H3MCHEHHAM LeHTPOOeKHOH CHVJIbI BPalleHHA PpPy30B HU COOT- 
BETCTBYIOMULEMY TepememieHHio nocsefHuX. Tlepememjenue rpy3o0B nepesaetca 
Ha HCHOJHHTCIbHbIA OpraH—WTHPT 
HIM My@TY MaATHHKa, KOTOPbIe He- SAX 
MOCPeJCTBeEHHO CBA3aHbI C pacripe- KY 
JICJIHUTEJIBHbIM YCTPOHCTBOM, Mojaio- 
ULHM MacJIO NO WaBJIeHHeM K cep- 
BOMOTOPaM CHCTeEMbI peryJIHPOBaHHA. 4, 
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Puc. XII.1. WpuuunnvanbHad cxemMa MmporouHoro perysiATopa 





LlenTtpoOexHbI€e MaATHHKH BBINOJIHAIOTCA C pa3JIM4HOH KOHCTPyKILHeH 
Ypyrou CBA3H Tpy30B (SBOJIBBeHTHbIe HW JIGHTOUHbIe) H C Ppy3aMH, NOABeLLeH- 
HbIMH Ha JieHTax. IlocneqHHe HOJy4HAM WIMpoKOe MpHMeHeHHe BCueACTBHe 
IIPOCTOTbI KOHCTPYKILWH MW BbICOKOH UYBCTBHTeJbHOCTH. B rHapaBsMHyecKOM 
MATHHKe Hacoc MOMaeT 9RKUAKOCTH NOX AaBeHHeM, NPOMOPIUHOHAJIbHbIM YHCJy 
OOopoTOB TYPOHHbI, B WHIHHAp c nopmwinem. Ilopwienb, noazepxKHBaembIn 
Ip y2KHHOH, B COOTBeTCTBHH C BEJIH4YHHOH TaBJICHHA H3MeHAeT CBOE TOO*KeHHe, 
BOSICHCTBYA Ha 3JIEMCHTbI PeryJIMPOBaHHA, AHANOrHYHO WITHTY MavATHHKa. 

QNEKTPHYeECKHH MAATHHK ONHCbIBaeTCH HW Ke MPH paCCMOTPeHHH 39JICKTPO- 
rHipaBAHyecKoro peryJlATopa. 

[I pHHuvnnabHad CXe€Ma MIpOTOYHOTO pery/inTopa NoOKasana Ha pu. XII.1. 
Hacoc 2 peryaaTopa HeMmpepbIBHO BpallaeTca OT 3IIEKTpOMOTOpa / HJIM peMeH- 
HOTO TIpHBONa OT Basia TypOuHbI. Macsio, 3acacbiBaemMoe H3 CJIHBHOTO pesep- 
Byapa 8, mojjaeTca no Tpy6Ke 3 K 30J10THHKy 4. OT 30JIOTHHKa MaCJIO NOCcTyNaeT 
10 TpyOKkaMm 7 K cepBomoTopy 6. Korja 300THHK HaxOAHTCA B CpeHeM MOJI0- 
2%KCHHH, MaCJIO TIPOXOMT yepe3s We MexKAY TeJIOM H OKHAMH 30JIOTHHKAa 
B CJMBHOH pesepByap. Ecau 300THHK NOX BO3AeHCTBHeEM ILeHTpoOexHOTO 
MaATHHKa 5 TlepeMeCTHTCH H3 CpeAHero NOVIOKeHHA, MaCO OyeT NOMaBaTHCA 
B COOTBETCTBYIOWLYIO NOJOCTh WHJIHHIpa CepBomMoTopa H CO3aBaTb HeEOOXOIH- 
Moe ycHuJime. 

KOHCTPYKTHBHO peryJIATOP MPOTOYUHOFO THMa OObIYHO BHINOHAJICA B Bue 
ILHMHIPHyeCKOH KOJIOHKH, BHYTPH KOTOPOH pacnOJlaraJicA CJIMBHOH pesep- 
Byap. Ha KOMOHKe€ MOHTHPOBAaJIHCb: MaCJIAHbIN 3yOuaTbIM Hacoc H TOPH30H- 
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TaJIbHO pacClOJIOKeHHbIH. CePBOMOTOP C 30JIOTHHKOM H M@ATHHKOM. Ycuane 
H BpeMa NosJororo xofa CepBOMOTOPA peryATOpa NpOTOYHOFO THA 3aBUCAT 
OT IIPOH3BOAUTebHOCTH Hacoca. IIpuH BHIxXoye H3 CTPOA Hacoca HJM ero Npu- 
BOJa TaKOH peryJATOp He OGecleuHBaeT BOSMOXKHOCTH yIIpaBAeHHA TYPOuHOH. 
IIpu Tako. peryaTope 3aTpyAHeHa TakxKe AaBTOMAaTH3alHA TypOHnHE. Tlostomy 
peryJATOPbI IPOTOYHOTO THA, MPHMeHAIOTCA AMUIb WIA MaJbIx TypOuH [88]. 
B peryJiaTtopax koTebHOoro Tuna (pue. XII. 2) MacJIO NlOcTyMaeT K 30JI0T- 
HHKy 3 H3 MaCJIOBO3AYWIHOrO KOTJa 9, KOTOPbIM MpekcTaBAaeT COOOM akKymy- 
AATOP SHEPrHH, pacxosyemblH B Mpowecce peryHpoBaHHA. YPOBeHb HU MaBwie- 
HHe.MacJla B KOTJIe NOwMepxXHBaeTCA HacocoM 6, CHaOKeCHHbIM KJlamaHamMH, 





Puc. XII.2. Tpwuuunuanbuas cxema perysaTopa KoTemHOrO THMAa 


NpeqOXpaHHTebHbIM 5, nepenycKHbIM 8 H O6paTHbIM 7, COOTBETCTBYIOMeH 
apMaTypOH, MaHOMeTpOM H Ap.. HeoOxogHMoe KOJIMYeCTBO. CKAaTOFO BOSLy xa 
HarHeTaeTca B KOTe/ KOMIIpeccopoM. CxkaTbId BO3saqyX B KoTsIe OOecne4HBaeT 
3allac SHeEprHn, JOCTaTOUHbIK AIA YHpaBsieHuA TYpOHHOH B TeyveHHe HeEKOTOPOrO 
BpeMeHH Tloc/le BLIXOAa H3 CTpOA MaCJIAHOTO Hacoca. 

PacnipeqeuTeJIbHbIN 30JIOTHHK 3 KOTeEAbHOFO peryATOpa MMeeT HOJIOKH- 
T@JIbHbI€ NePeCKPbITHA, T. €. NpH CpeqHeM NOJOKeHHH 3O0JIOTHHKAa MOJHOCTHIO 
nepekpbipaeT paOoune OKHa B Kopnyce. Baaroxapa sTOMy, IIpH cpeqHem HOJIO- 
*KCHHH 3OJIOTHHKA pacxofyeTca HeOobIIOe KOJIHYeCTBO MaCiIa JIMIUb AVIA 
KOMMe€HCallHH TIpoTeyek B CHCTeMe peryJHpoOBaHHA. 

B mpomecce peryHpoBaHHA, KOra pacnpeleHTeIbHEIM SOJOTHUK pery- 
JATOpa tepemelaeTcA B TY HAH Apyrylo cTOpOHy, MaCAO NO AaBseHHeM 
nmocTyMaeT H3 HallopHOro KOTMa Yepe3s OTKpbiTHIe paObouHe OKHA B KOpMyce 
3OJIOTHHKAa B IHAHHAp cepBomoTopa 4 4 co3qaeT ycuHe, HeOOxOAHMOe JIA 
nNopopota JoNaTOK HalipaBJialowlero: allmapata TypOuHbl. 

B MOBOpOTHOJIONAaCTHEIX TyYpOHHax MaCJIO. OJHOBpeMeHHO ocTyMaeT Hu 
B C€pBOMOTOp paOouyero KOseca 4epe3s eFO 3O0JIOTHHK, KOTOPHIH yipaBJaeTca 
CHeWHaJIbHbIM KOMOHHATOPHbIM YCTPOHCTBOM, O6eCNeYHBalOLLHM HeEOOXOAHMYIO 
CHHXPOHH3al[Hlo NOBOpOTa JIOMacTek paOouero KOJIeca-H JIOMaTOK HalmpaBJa- 
loulero alinapatTa. 
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PeryMpoBaHwe rHApoTypOuH HMeeT PAA OCOGeHHOCTel NO cpaBHeHHIO 
C pery/JIHpoBaHHeM JApyrux ABHraTenehH. M3meHeHHe CKOpOcTH MOTOKa BOJIbI 
B Mpolecce peryJIMpOBaHHH COMpPOBOwKMaeTca THApaBsMVecKHuM yapom, HU 
COOTBETCTBYIOIIHM H3MCHEHHeEM Hallopa, NpH KOTOpOM paOoTaeT TypOuHa. 
[ip MefvieHHBIX H MaJIbIX KOJIe@6aHHAX CHCTeMbI peryJIHpOBaHHA ABIeHHA 
rHApaBHyeckoro yapa yxXyflllaloT yCOBHA yCTOHYMBOCTH peryJHpoBaHna., 

/\n reHepatTopa, BbIpaOaTbIBalollero 3eKTPHYeCKHA TOK onpeyeneHHoL 
WaCTOTbI, HEOOXOAHMO, YTOObI peryATOP TyYpOHHbI OOecneunBa NO OKOHUA- 
HHH Npollecca peryJIMpOBaHHA MpaKTHYeCKH TaKy!lO 2%Ke YyrvIOBylO CKOPOCTb 
arperaTa, Kak H lO Ha¥aJla peryJHpOBaHHA, T. e€. eErO XapaKTePHCTHKAa OKA 
ObITh CYMMOHM ocTaloulelica HepaBHOMepHocTH. OcTatomlelica HepaBHOMepHo- 
CTbIO Ha3bIBalOT OTHOWICHHeE PaSHOCTH MeEKLY yIVIOBOH CKOPOCTbIO pH xOu0- 
CTOM XOjl€ H YIJIOBOM CKOPOCTbIO IPH MA@KCHMaJIbHOH Harpy3ke arperata 
K HOPMaJIbHOH yIIOBOH CKOpOCcTH. OTomy TpeOoBaHHio OTBeuaeT CXeMa pery- 
JATOPOB HeENPAMOTO JeHCTBHA C H30pOMoM (puHc. XII.2). 

IlomyueHve TakoH %e yrOBOH CKOpOCTH arperata, Kak H JO HauyaJia pery- 
JAMpOBaHHA, JOCTHraeTCH MpHMeHEHHeM H30APOMHOHK OOpaTHOH cBA3H 2 MexLy 
hepeyqauew K 30JIOTHUKy 3 WH TOpinHeM cepBomotopa 4. M30zpomuoe ycrpoi- 
CTBO 3eCb BHBINOJHEHO B BHX€ MaCJIAHOTO KaTapakTa Cc IpyxXHHOH. Katrapakt 
COCTOHT H3 WHIHHApa HW NOpmwHA, 3amuTorOo Macwiom. IlojocTu wWHaHHApa 
cooOulaioTcA Mexky coOoH uepes Tpy6ompoBok Cc ApOccebHBIM OTBEPCTHeM. 
I{WIHHIp KaTapakTa %KeCTKO CBA3aH pbl¥axKHOM Mepesauel c nopiuHeM CcepBo- 
MOTOpa, a NOpWeHb KaTapakta — Cc nepeyayeh OT MaATHHKAa / K 30JIOTHHKY 3. 
PeryJMpoBaHe C H30/,pOMOM OCYIeCTBIAeTCA B CeLyollem nopsyKe. IIpu 
YCTA€HOBHBINeCMCA pexkKUMe arperata ero yrvioBad CKOpOocTb OyeT NOCTOAHHOH. 
Myota WeHTpo6exxHoro MasTHHKa J, ppryar OAB u 30N0THUK 38 6yAyT Haxo- 
AMTbCA B CpeHeM MosuO*KeHHH. IlopiieHb cepBomMoTOpa, ypaBHOBelIeHHbIit 
AaBJIGHHeEM MaCJla HW COMNPOTHBJeHHeM peryJIMpyloulero opraHa, 6yyeT Haxo- 
AHTbCA B MNOJIOKECHHH, COOTBETCTBYIOINCM PaBHOBeECHOMY COCTOAHHIO arpe- 
rata. 7 7 

IIpH H3MeHeHHH Harpy3KH Ha TeHeparTop, (HallpHMep YMe€HbINeHHH ee, 
yYrlOBaH CKOpOCTb arperatTa OyfleT yBeJIHYHBaTbCA, NOBbICHTCAH Tak2Ke yrJo- 
Baad CKOPOCTb WeHTpOoOexKHOTO MA@ATHHKa, U4TO BbIZOBeT TepemeljeHHe ero 
MyTbI BBepx. Pprruar OAB pu 3TOoM noBepHeTca BOKpyr TouKH A, 3aHAB 
HOBoe MosoxwKeHHe O'AB’. Kone pbuara onyctutca B Touky Bu cABUHeT 
BHH3 30JI0THHK. Macao NOCTYMHT B MpaBylO MOJOCTb CepBOMOTOpAa, HOpIIeHb 
N€peBHHeTCA BJCBO, BOSJeCHCTBYA Ha peryAUpyroulHH Oprah, KOTOpbIA, 3a- 
KPbIBaACb, YMCHbIUIUHT NOABOR BODHI. | 

OHOBPeMeHHO NOPLIeHb Yepe3 MACJIAHbI KaTapakT, KOTOpbIH B NepBbIit 
MOMEeHT OyeT paboTaTh Kak KeCTKaA CBA3b, TAK KaK MaCJIO He ycleeT mepe- 
Tedb Yepe3s APOCCebHOe OTBEPCTHe, HaYHeT NMepemMeulaTh BBepxX TOUKYy A pbI-~ 
yara. Ppruar O'AB’, nopopayuBasch BOKpyr TouKku O’, OyzerT CKUMATD MIpy- 
*KHHY KaTapaKkTa H BO3BpalllaTb 30JIOTHHK BBepX, K CpeMHEMYy MOJIOXKeHHIO. 
Ppruar 3aimMeT HoBoe nomoxeHHve O'B. Ho npyxuHa KaTapakta Oyler cTpe-. 
MHTbCA 3aHATb CBOE MePBOHAYaJIbHOe NOJIORKEeHHE, BOZBPailan TOUKY A BMecTe 
C NOPIWHeM KaTapakTa B cCpeqHee Moo *KeHHe. 

IipH ABuxeHHH TOUKH A BHH3 pbluar OyeT NOBOPpayuBaTbCA BOKPYT 
MYQ®TbI MaATHHKAa HM MepeMelllaTb PaclpeeHTeAbHbIM 3OJIOTHHK CHOBA BHH3, 
Ha 3aKpbiTHe peryupylomsero opraua. [Iponecc peryHpoBaHHA 3aBepIUHTCA 
TOJbKO TOrAa, Kora NOPWeHb CepBOMOTOPa NepecTaHeT NepememlaTeca. I1pu 
9TOM peryJHPYIOWHH OpraH 3aHMeT HOBOe MOJOKeHHE, MPH KOTOPOM MOMEHT 
ABYXKYWAX CH OyAeT COOTBETCTBOBaTh HOBOH Harpy3ke TreHepaTopa. 

/\a ycToHunpocTu paOorbl arperata B CeTH BMeCTe C JpyrHMu arperataMH, 
a TaKxKe JJIi YOBIETBOPCHHA pa3JIMUHbIX SKCIyaTalHOHHbIxX TpedoBa- 
HHH CHCTeMa peryJIHpOBaHHA THApPOTypOHH CHaOKaeTCA JONOJHUTEJIDHBIMH 
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Me€XaHH3MaMH ylipaBJieHHA: MeXaHH3MOM OCTalolelcA HepaBHOMepHOCTH H 
MeXaHH3MOM H3MeHeHHA 4HCIa OOOPOTOB. 

B sToM CJlyuae Tepeqaua oT MaaTHHKa / K 30JI0THHKYy 3 (puc. XII.3) umeer 
B TOUKe A, KpOMe OObIUHO H30XPOMHOH OOpaTHOH CBA3H OT NOPLIHA CepBOMO- 
Topa 4 yepes KaTapakT 2, BTOpy!O OOpaTHy!O CBA3b Yepes MeXaHH3M OCTA- 
lolleHCA ~HepaBHOMepHocTH Hu Tary J. 

Ilo okoHYaHHM Mpolecca perymupoBaHua, Korga TouKa B 6yyer Haxo- 
HTbCA B CpeHeM MOJIOKeHHH, TOUKaA A, CBA3AHHAA C PbIMarOM, OTKJIOHHTCA 
OT CpeHero NOWOKeHHA B PesyJIbTAaTe JCHCTBHA Ha Hee OOPaTHOH CBA3H Yepes 
Me€XaHH3M OCTalOlleHcA HepaBHOMepHOcTH. Torga MydTa MaATHHKa, CBA3aH- 
Haas c ppruarom OAB, Takxe OTKJOHUTCA B TOUKe O oT cpeqHero NomOmKeHHA 
COOTBETCTBYIOINerO HOPMAJIbHOH YIJIOBOH CKOpOcTH. YcTaHOBHTCA HOBOe 
paBHOBecHoOe cCOCTOAHMe arperata 
ipH HOBOH BeJIHYHHE yIrJIOBOH CKO- 
O'\ MO | | 8 pOCcTH, OTJIH4alolleHcA OT HOPMaJb- 
HOH. 

Ke | Tak Kak mowoxKeHHe TOoUKH A 

MeHAeTCA B COOTBETCTBHH C MOJIO- 

%KeCHHEM NOPLWIHA cepBOoMOTOpa, TO 

OyweT yCTaHaBJHBaTbCA pa3M4Has 

Tel yrl0OBaA CKOPOCTb B 3aBHCHMOCTH 
OT Harpy3KH arperata. 

cool] MexaHH3M H3MeHeHHA 4HCJIa O60- 

POTOB HeOOXOAHM JIA TOUHOH CHH- 

Ap XPOHH3alHH padoTbl HeCKOJIbKHX 

arperaTOB CHCTeMbI peryJIMpOBaHHA 

C paciipesqeneHHeM Mex] y HHMH Ha- 

; rpy30K B *KelaeMbIxX mpeyesax OT 

—— HYJIA HO Niaxy pH HOPMaJIbHOHK 4a- 

Puc. XII.3. Cxema perynatopac xononnurent- CTOTe. Wi3menenne craTHuecKoH Xa- 

HbIM M€X@aHH3MOM H3MCHeHHA OcTaloleHcaA He- PaKTCPHCTHKH peryJIATOpa IIpOus- 

P aBHOMep HOcTH BOXHTCH M@XaHH3MOM 6, KOTOpbIi 

| mepemenlaetT TouKy C. B pe3ysprate 

yYCTaHOBHBIIHHCA peXKHM HaCTyNaeT MPH APYFoM NOMOKeHHH MyQTbI MaATHHKAa, 

COOTBETCTBYIOIEM HOBOH yrioBow cKkopocTH. IIpuH nepemMenjeHuH TOUKH C 
BBepX YCTAHOBHTCA Goulee BLICOKOe YHCIO OGOOPOTOB, H HaoObopor. 

TloMHMO Nepe4yHCAeCHHBIX yCTPOHCTB, B peryIATOpe HMeeTCA TAKKE YCTPOH- 
CTBO JJIA ABTOMATHYeCKOLO IlyCKa H OCTAHOBKH TYPOHHbI, MCXaHH3M OrpaHHue- 
HHA OTKPBITHA WH Apyrve BCNOMOraTeJIbHbIe YCTPOHCTBA. 

JA peryATOPOB NOBOPOTHOONACTHbIX TYPOHH TpelycMaTpHuBaeTcH Mexa- 
HH3M KOMOHHaTOpa, YIIpaBAIOWMH MOBOpOTOM JionactTen. 

_ CxemMa mpocteHuiero MexaHHuecKoro MpHBOAa MeXaHH3Ma NMoOBOpota soMa- 
cTeH H306paxKeHa Ha puc. XII.4. Ona npHMeHsasacbh paHbilie MHOrMMH dup- 
MaMH, H3rOTOBJIAIOULMMH TYPOHHbI C MOBOPOTHbIMH JMOnNacTamu. YcuHe, 
HeOOXOAHMOe ANIA MOBOPOTA JOMAacTeH, NepeqaBasocb MexXaHHyeCKOH Mepena- 
yeH / oT CepBoMOTOpa peryJiAnTOpa 4 HampaBJAIOWleMy allnapaty yepe3 pery- 
JMpYyIOWWH Bal 5 uU MOMacTAM pa6ouero KOeca Yepe3 MeEXaHH3M NOBOpoTa BV. 
Ha Basty paciojiaranacbh cnelvaibHad JByCTOpOHHaA mata 2. Sta cxema, 
IIPHMe€HHMad UH lewecooOpasHad IA TYp6OHH HeOONbIOH MOULHOCTH, CTaHO- 
BHTCH HeyHOOHOH JIA CpeHHX HW MOLIHbIX TYPOHH, TaK KaK 3HAaUHTeJIbHbIe 
NepecTaHOBOUHble CHJbI TpeOy!OT COOTBETCTBEHHO YBeJIHYCHHA 3BeEHbeB lepe- 
aun: TAT, pbuaroB, wapHHpoB. YKa3saHHan cxeMa B MaJibHeHIIeM OblJIa BbI- 
TecHeHa CXeMOH rHApaBsHYeCcKOTO MPHBONA C BPallaloOllHMCA CePpBOMOTOPOM. 

IIpHHuMnMaIbHad CXeMa AJBOHHOTO peryAHpoBaHHA THApOTypOuH Cc TH- 
paBJH4YeCKHM IIpHBOJOM TpescTaBwieHa Ha puc. IT.2. 
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Shecb JIOMaTKH HanpaBJaloulero anmapata 5 npu NOMOILH mMacaaHoro 
cepBomoTopa 4 ycTaHaBAMBaloTcA Ha HeOOxo_uMoe oTKpbiTHe. Macao cepBo- 
MOTOPy HalpaBJialoulero aflapaTa MofaeTca uepe3 30I0THHK J, mepeme- 
WajOulHHCA OT WeHTpoGexHOrO MaATHHKa 7, CBA3aHHOTO 9aveKTpHuecKOl 
nepeqayeH C BaJIOM TYPOHHBEI. 

ONHOBPeMeHHO C NOBOPOTOM JlOMaTOK HampaBsAAloMero alnapata mpouc- 
XOJHT NOBOPOT soNacTeH paOouero Kosieca 6. Ycusnue, HeOOXOMUMOe WIA HX 
NOBOpOTa, CO3JaeTCA MACJIAHbIM Ce€PBOMOTOPOM 3, YyIpaBJIAeMbIM 30JIOTHH- 
KOM / pa6ouero Koueca. 300THHK pa6bouero Koveca pH NOMOMULM CHCTeMBI 
TAT, pbl¥aroB H KOMOHHaTOpa 2 CBA3aH C MPHBOOM HallpaBsAloulero alnapara. 

sus IIpHMeHAJIHCh pa3JIHUHbIe CXeMbI 
—_ paclOJIOKeHHA OCHOBHbIX 3JICEMeCHTOB 
pHBola sonacteHw padoyero koweca. 
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Puc. XII.4. Cxema Mexanuyueckoro npHBosa Pue. XII.5: Cxema rp aBiuuecKoro MIpH- 
MeXaHH3Ma Nopopota monactelt Bola WIA NoBopota Jonacrei 3apoq Bepk- 
cTageH-KpuctHHeramH (pea) 


PaccMOTpHM rvlaBHeHwiHe W3 HHX. 

l.Cxema 3aBOfRa BepkcTtawheoHo-Kpuctuneramua 
(senna) upeactaBleHa Ha puc. XII.5. S3ecb cepBomotop / pacmouloxKeH 
B BepxXHeH 4acTH paOouero KOweca, 30JIOTHHK 2 pacnoOJIOKeH TOKE BO BTyKe 
BHYTPH WTOKa paOouero KOIeca, KOMOHHATOP 3 YCTaHOBJIeH Ha BepXHeM KOHiLe 
Balla Hal MaCJIOIIpHeMHHKoM 4. 

B 2aHHOH KOHCTPYKIWHH OCYULECTBCH MPHHILHM THApaBsH4eCKOTO BbIKJIIO- 
YeHHA 30J1I0THHKA. [loOKUTeEIbHAaA CTOPOHA 3TOH CXeEMbI — MaJloe paccTon- 
HHe C€pBOMOTOPa H 30JIOTHHKa OT M@X@HH3Ma NOBOpPOTa, YTO aeT MHHHMAJb- 
HylO QHHYy witoKa. K HeqocTaTKaM KOHCTPyKILHH culeqyeT OTHECTH OO/IbIIHe 
JIMHEHHbI€ Pa3SMePbI 30JIOTHHKAa H3-3a TOFO, 4YTO XOX COBMaaeT C XOOM CepBo- 
MOTOpa, a TakK*Ke HENOCTYNHOCTb pH aKcHyatTauHn. [Ipu 3aeqaHHu 30J10T- 
HHKa Tpe6yetcA TpyOeMKHH JeMOHTamK pa6oyero Koweca. B 3TOH cxeme 
TPYHHO OCYIIECTBUTb JHCTAHILHOHHbIN yKagaTeJIb NOJIOKeHUA JOMACTeH. 

2.CxemMa 3aB0Ra MouwtTa (PPI) mpegcraprena ua puc. XII.6. 
B ato cxeme cepsomotop / pa6ouero Kosleca pacnomoxKeH BHEe BTYJIKH paoo- 
yuero KOJIeCa — MeKY aHILaMH BaJIOB, 30JIOTHHK C KOMOHHATOPOM HaXO- 
AMTCA B KOJIOHKe yIpaBleHHA peryaaTopa 2 B MallIMHHOM 3avle. SOOTHUK 
C C€PpBOMOTOPOM paOouero KOJIeCa CBH3aH BbIKMIOUaIOMleH Mepegqayen 3. 
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HejoctaToK 3TOH CXeMbI — OTIeIbHOe pacnomoxKeHHe CePBOMOTOPa OT Mexa- 
HH3Ma NOBOPOTAa, H3-3a Yero AWIHHa WITOKa CepBOMOTOpa OCcTHraeT OoObIUON 
BeH4HHEI. K NpeMMylecTBaM CXeMbI CJleqyeT OTHECTH JIErKYIO JOCTYMHOCTb 
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Puce. XII.6. Cxema rugpapanueckoro npuBoga 
nmonacTtH 3apoga Mokta (PPT) 





Puc. XI1.7. Cxema ruyzpanpmngeckoro NpHBOa OMactel, 
NpHMeHABIUAXCH JIM3 aA cpeqHUXx Typ6uH 


3OJIOTHHKA IPH SKCIWIyaTallHy U He- 
3ABHCHMOCTb ero xOjla OT Mepemelte- 
HHA CepBOMOTOpa. 

3. CxemMa 3aBORa JIMS 
JIA TypOHH HeOOJIbIIMX HW CpeMHUX 
pa3sMepoB lpuBeneHa Ha puc. XII.7. 
B sTOH cxeme cepBomoTop J pacno- 
JIOMKEH BO BTyKe padOouvero Koweca, 
UTO ae€T MHHHMAJIbHY!O JVJIHHY UITO- 
Ka, 30JIOTHHK 4 BbIHeCeH Ha BepXHul 
KOHEll Bala WH MOMeLeH B MaCJIONpH- 
CMHHK. Bpik104eHHe CepBOMOTOpAa 
ruipaBsnyeckoe — WTaHroH 2, x*xe- 
CTKO CBA3AHHOH C MOPUIHeM CepBo- 
MOTOpa. 

KomOuHatTop 6 BbIHeCeH B KOM- 
OMHAaTOPHy!O KOJIOHKY 5, B KOTOPOH 
PacilOIOx%KeH BCNOMOFaTeJIbHbI cep- 
BOMOTOP C M@JIbIM 30JIOTHHKOM, T. e. 
NO CYyIecTBy, MpHMeHeH JABOHHOH 
30JIOTHHK. Bularofapa 3TOMy Mepe- 
aya OT KOJOHKH KOMOHHaTOpa 0 
Ce€pBOMOTOpa Hall paBJixlo- 
wero anlapata pasrpyxena 
OT OOJIDINHX YCHJIHH, TaK 
KaK B 9TOM CJly4uae KAHHY 
KOMOHHaTOpa HeOOXOHMO 
NepeMellaTb TOJIbKO MaJIblii 
30JIOTHHK. | 

Ilo stow cxeme Ha JIMS 
H3rOTOBJICH PAX TyYpOHH H 
OHH ceO6A MNOJIHOCTbIO ONpaB- 
WalW B JKCiMyaTauHn. 

XapakTepHbIM Jian STOK 
CXEMbI ABJAAeETCH paciovo- 
*KeHHe TpyOyaTorO 30J10T- 
HuKa 4 B CMellWaJIbHOM KOp- 
yce 3 Haw TreHepatTopom; 
OH OXBaTbIBaeT HAKOHEYHHK 
BLIKJUOUaIONIeH WTAaHrH, 0 
KOTOPOH OXHOBPeMeHHO IMO] - 
BOJHTCA MaCJIO K Ce€pBOMO- 
Topy. B KoHcTpyKiHH ocy- 
UECTBJICH YKa3aTeb TMOJO- 
*KeHHA wWOMacTeH pa6ouero 
Kovieca. BnepBnie Takasx 
KOHCTPyKWHA ObiIa Npelio- 
*eHa B. A. Tume [93, 94]. 
B KojoHKe 5 KoMOuHAaTOpa, 


yCTaHaBJIHBaeMOH B MAINHHHOM 3aJ1e THApocTaHuHv, MOMMMO KJIMHa KOMOn- 
HaTopa 6 MH BCHOMOraTebHOrO 30J0THHKA 7, PaCNOJIOKeHbI M@XAHH3M pyt4- 
HOO yNpaBJIeHHA 3OJIOTHHKOM paOouero Kovleca H M€XaHH3M Py4HOro Nepe- 
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MeLLCHHA KJIHHa Ha pa3JIM4HbIe KOMOHHATOPHble 3AaBHCHMOCTH, YTO OCOOeHHO 
BaxKHO MPH MepeMeHHOM Hallope. | 

Jaa Typ6vH OO/IbUIHX pa3sMepOB HM MOLLHOCTeH 9TH CXEMbI OKa3aJIHCb 
HepallMOHaJIbHbIMH, TaK KaK 3OJIOTHHK paOouero KOseca, PaCHOJOMKeHHbIN Ha 
OJLHOH OCH C CEPBOMOTOPOM, HMeeT TAKOH Ke XO. SOMOTHUK NOMyyaeTcaA OOUIb- 
IHX Pa3MepoB, B CBA3H C 4eEM BOSHHKaeT HEOOXOAMMOCTb MpHMeHeHHA TBOH- 
HbIX H TPOHHbIX 3O0JIOTHHKOB, YTO BuledeT 3a COOOH YyCJOMKHEHHe CXeMBI. 
Tlostomy Jia MOUHBIX TypOuH Ha JIM3 H. H. Kopanespim u C. A. Ipanos- 


ULM LL 
J] 





Puc. XIJ.8. Cxema mpn- 
BOda ruypoTryp6uH PpG6uH- 
cxoH TOC 





CKHM Oblula CO3qaHa CxeMa, H306pameHHad Ha puce. XII.8. OTa cxema OTJIH- 
yaeTCA TEM, UTO JBOHHOH 30JIOTHHK / BLIHeECeH B KOJOHKY KOMOHMHAaTOpa, Haxo- 
JAWLYIOCA B MALIMHHOM 3ase, MacJIO K cepBomMoTOpy 2 pabouyero kKOJIeca OT 
3OJIOTHHKa ToaeTCA Yepe3 MACJIOMPHeMHHK 3, PacnOJIOKeHHbIM Hay reHepa- 
Topom. Hrdia 300THHKa TepememlaeTca NIpH ABH2KeHHH MpOcTpaHCTBeHHOTO 
KIMHa 4, CBA3aHHOrO Mepeszaueli 5c cepBOMOTOPOM HalipaBJIAlOWero anmapata 6. 
STa cxeMa aHaJlOrMuHa cxeme, u306paxKeHHOH Ha puc. XII1.6, TObKO B HeH 
CepBOMOTOp paOoyero KOsIeca HAXOMHTCA BO BTyKe padouero KOeca, a 30J10T- 
HHK ero BbIHeCeH B OTJeJIbHYIO KOJIOHKY KOMOHHAaTOpa. 

B KOJIOHKe KOMOMHaTOpa, TOMHMO 30JIOTHHKa H MpocTpaHCTBeHHOTO 
KJIMHa, TIOMCILCH Me€X@aHH3M py4HOrTO H AMCTAHIHOHHOTO yipaBJeHHA 30J0T- 
HHKOM paOouero KOJIeca H KJHHOM KOMOHHaTOpa Ha Ppa3JIH4HbIe Hanopbl. 
Kpome Toro, B KOJIOHKe KOMOHHAaTOpa PaCNO/JIOKeHbI MEXAHH3MbI MexaHHye- 


CKOrO II€peCMeHCHHA KJIMHa TIPH HSMCHCHHAX HallOpd H BCe HeEOOXOJUMbIe Y Ka- 
S3aT@JIH. 
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Mcnoub30BaHve OTICAbHOH KOJIOHKH KOMOHHAaTOpPAa, BO-IepBbIX, aBavo 
BO3MOXKHOCTb OCYIICCTBICHHA TIPOCTPaHCTBeHHOrO KHHAa C peryJIMpOBaHHeM 
NO HanlopaM H, BO-BTOPbIX, MO3BOJIHJIO KOMIIaAKTHO PpaClOJIOKUTb MCXaHH3Mbl 
Ppy¥HOrTO H aBTOMaTHY¥eCKOrO ypaBAeHHA MONacTAM paOouero KOJIeca co 


a) ae BC€MH HeOOXOJMMbIMH YyKa3aTeJIAMH. 
rn | [I]pHMeHsAemMble TapeJIbuaTbie 3OJIOT- 

Te f HHKH IIpoctpl 10 cBoeH dopme. [loyzBoy 

ae MacJla K CepBOMOTOpy pa6ouero Kouleca 

ito —_——2 OCYIMIeCTBIAeTCA Yepes oceBoe OTBEp- 


cTHe K Badly 10 TpyOam. Macao ToyBoO- 

ww AUTCH Yepes MACJONPHeMHHK, paciio- 
JaraeMbiIM Ha BepXHeM KOHUe BaJla Had 
reHepaTOpoM. ~ 


== ee Ls B fadbHeniem Obiia paspadoTaHa 
/ ut \ Y “  HOBadA KOHCTPyKWHA MpocTpaHcTBeHn- 


Yo a Yy HOrO Bpallawilleroca KyslauKa BMeCTO 

Gf IIpocTpaHcTBeHHOTO KAHHa. YMpOctTH- 
ach TaKKe KOHCTPYKUHA MaCJIONpHem- 
HHkKa. B cOBpeMeHHbIX KOHCTPyYKILHAX 
TypOuHbE! JIM3 kom0HKa KOMOMHaTOpa 
oObequHAeTCA C KOJOHKOH yimpaBuie- 
HHA peryJATOpa B CHHYIO KOHCTPYK- 
WHIO, PaCiOJIORKeHHY!O B OOMWEH KOJIOH- 
Ke ylpaBjeHua Tuna PKO. 


6) | 6) 
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Puc. XII.9. Pa3nMunple cxembl B3aHMHOrTO PaCNONOMKeHHA CePBOMOTOPAa, MaCJONPveMHUKa 
; H Me€XaHH3Ma Mopopota 


TIpumeHsembie B HacTOAuee BPeMA pa3JIHUHbIMH 3aBOaMH C X eM BI 
pacnowomKxeCHHA CEPBOMOTOPOB pabowero Koreca, 
MAaCHONPHE€EMHHKA H MC€XAHH3MOB NOBOPOTA NOKa3aHb 
Ha pue. XII.9, a, 6 He. | 

B papuante puc. XI1.9, a, 1pHmMeHaemom JIM3 un XTI3, Macao noxBoAHTCA 
yepes  MaCJIONIPHeMHHK, pacnOJIOKeHHBIA Hay TreHepaTopom, no TpyOuaTbIm 
WITaHrTaM 2, TIpOXOMAWLHM BHYTPH BaJla K cepBomMoTopy 4 paOouero kKoueca, 
YCTaHOBJICHHOMY BHYTPH BTyKH padoyero Koseca. [lopuieHb cepBomoTopa 
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co3jjaeT HeoOxogHMoe ycuine P, HM 4Yepe3 WTOK 3 HM MeXaHH3M MOBOpOTa 5 
nepejaeT ero B BHJe NOBOPOTHOrTO MOMeHTa M, sonactam. [akoe pacnouoxe- 
HHe CepBoMOTOpa HaHOoulee pallHOHaIbHO. OHO WaeT MHHHM@JIbHbIe pa3sMepbi 
JIA HAarpyXKeHHOTO ITOKa CepBOMOTOpa, Mepefatoulero OoNbWIOe yCHIHe OT 
MOpmwHA K pbl¥araM MonacTeH, 

B Bapuanute puc. XI1.9, 6, 1pHMeHAeMOM HEKOTOPBIMH 3apyOexKHBEIMH (cpup- 
MaMH, MaCJiOMpHeMHUuK / pacnosoxKeH, aHasmorH4Ho puc. XII.9, a, Had reHe- 
paTOpOoM H MaCJIO NOABOAHTCA NO TpyOuaTbIM wWTaHraM 2 K cepBomoTopy 4 
pa6ouero KOvleca, HaXOMAMLeEMyCA MexKAy dilaHwaMu BaJlOB. Ycusue P, pas3- 
BUBaeMoe CEPBOMOTOPOM, MepeyaeTca Yepe3 DJIMHHbIM WITOK 3 H KPHBOUHMHbI 
MexaHH3M O B BHe NOBOPOTHOrO MOMeHTA JIOMacTAM. Taka KOHCTpyKILHA, TO 
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Puc. XII.10. KouctpykTHBHble BapHaHTbl Moj- 
BO.a MaClla K CepBOMOTOPy padouero kKOWeCa 






HallleMy MHe@HHIO, MeHee lesecooOpa3Ha, TaK Kak TpeOyeT Oomee AIHHHOFO 
uITOKa WIA Wepegqaun ycumnd (7—10 m). B Tako KoHCcTpykmHuN OyAyT OouJb- 
HMMM yiipyrve AedopMallHu UWiTOKa. | 

B cBa3H C MpHMeHeHHeM B NocaeqHHe TOAbl KOMNOHOBOK FHApocTaHihh 
6e3 MAllIMHHOFO 3a.1a BOSHHKa HeEOOXOAMMOCTb JIHKBUAalui MaCJIONpveMHHKa 
Hay reHepaTopom. [lo3TOMY MOABHJIHCb KOHCTPYKILHH HEKOTOPbIX PUPM C NOL- 
BOJOM MaCJla uepes Bal y NOMWMMNHHKa. Takada cxeMa Moka3aHa Ha 
puc. XIT.9, e. | 

MacuionpHemHuk J O6beqHHEH C reHepaTOPHbIM NOAWIMMHAKOM 2: 3feCb Ke 
pacnoloxKeH WH cepBomotop 4 padouero Kovuleca. Ycumue P, KoTOpoe pa3BH- 
BaeTCH MOPIMHeM CepBOMOTOPAa, NepesaeTcA yepe3 JWIHHHBIM WTOK 3 H Mexa- 
HH3M HoBopota 5 sionacTtaM. Taka CxeMa B IleJIOM NoJlyaaeTca Oovlee CIORKHOK 
MH MeHee Hajle>xKHOH B SKCIyaTawun. STO BUAHO u3 pHc. XII.10, rye noka3aHbl 
KOHCTPyKTHBHbI€ BapHaHTbl NOABOMa MacJla K CepBOMOTOpy paOouero Koveca 
yepe3 TreHepaTOpHbIM nomWHNHUK (puc. XII.10, a) H 4epes MacnONpHeMHHK, 
pacnosJIOxKeHHbId Ha renepaTopom (puc. XII.10, 6). 

B sBapnanute pune. XII.10, a@ cepBomoTop pacno/loKeH y LreHepaTopa, 
IHIHHIp 2 ceppomoTopa ABJAeTCA CTynuleH NATE! 4 HM poTopa reHepatopa /, 
nowuunHuk 5 reHepaTopa 3akpelliseTca Ha onope NommunHuka 6. B non- 
UIMMHHKe peqyCMOTpeHbl KaHaJibr C TpyOonpoBoyamMu & H Y H COOTBETCTBy- 
IOlHe OTBEPCTHA B Bale TYPOHHI 7, KOTOPble CLyKaT AIA MOMAWH Maca wepes 
BHYTPeHHHe MOJOCTH Balla K WHIMHApy ceppomotopa. [loyq jqeHcTBHeM MaCJla 
NopwieHb 3 CepBOMOTOpa MepemeltaeT uepe3s wiTOK JO H MexaHH3M MoOBOpoTa 


dol 


AonacTu pabouero KoOJIeca, CJIEOBATCIbHO, B JAHHOW KOHCTPYKILHH NOAWMNHHK 
ABJIACTCA H MACJIONPHEMHHKOM; NOABOA MaCJla OCYLIeCTBIAeTCA Yepes Ball 
AuametTpom 1400 mm. OxciyaTaluA BepTHKaAbHOTO rHApoarperata NoOKa3bi- 
BaeT, UTO BaJl arperata Bcerja HMeeT BO BpemA paboTHI KoeOaHHA B Npenenax 
3a30pa NOMMIMNHHKa. OHH 3aBHCAT OT pexuMa paOoTH TypOuHBI. Tlostomy 
B MaCJIONpHeMHHKe, OObEXHHEHHOM C NOAWIMMHHKOM, JOJKHbI MpelycmaTpu- 
BaTbCA COOTBETCTBYIOUHE YIWIOTHHTeIbHbIe yYCTpOHcTBa OOJIbLIHX pa3MepoB, 
yTOOnI He ObIIO MpoTeyekK Maca, NOaBaemMoro HO BbICOKHM JjaBJIeHHeM 
(p =20 +40 kI/cm?) B ceppomMoTop pa6Oouero Koueca. Takve ynOTHeHHA 6YAYT 
CNOMHBI HW YXYMWAT JAMTEMbHYIO SKCIAyaTaHOHHy!0 HalexKHOCTh TypOHHbI. 
B spapuaute puc. XII.10, 6, korza 

Kopnyc 3 MaCJIONpHeMHHKa pacnova- 

/ raeTcaA Haj reHepaTOpoM H NoaeT Mac- 
| JO Yepe3 TOpell BaJla, CaM MacJIONpH- 

2 * eMHHK 4 MOXKeT ObITb BbITIOJIHeH 3HadH- 


TCJIbHO MCHbINHX Pa3MeCPOB;, B JaHHOM 


r caryuae ero AHAaAMeCT Dp paBeH TOJIbKO 
LLL OIE. ae 
~,  f— 


400 mu. Macao noxBOAuTcA K CepBo- 


MOTOpy paOoyero kKOJIeca nO Tpy6am 
Ph aT 


{ wu 2 kopnyca MacjonpHeMHHkKa H 
SLSSLOIIIIIIITEDLIDETTSPTILN a \ dah 
















JJasee 4epe3s MaCJIONPHeEMHHK 4 H ITaH- 
rH 7, IpOXOAAWHe BHYTpH Basa 5 WHa- 
MeTpoM 1400 mm. Macao nonagaer 
B IMJIMHAp. cepBomoTopa 8 u mepeme- 
WaeT MOPUWIeHb 6 C KOPOTKHM ILITOKOM. 
OnHCcbIBaeMbI MaCJIONPHeMHHK He CBA- 
3aH C BaJIOM TY POHHBI H, CJIEHOBATeJIbHO, 
OH He OyfeT TOABepxeH KOeOAaHHAM 
Bajia, MOSITOMY KOHCTPyYKWHA yMJoT- 


a | _ HeHHH ero 3a30 6o71e 
Puc. XII.11. Cxema ycranopku o60pyyoBa- c 0 poB OOee Wpocta u 


HHA CHCTeMBI peryMpoBanHa TypOuHnr HaAevKHee B OKCIIyaTalyn. 
Yrauuckon TOC : KoHCTpyKTHBHO KOTeC A bHBEe 


peryAATOPb! OPopMAnioTca B BUTE 
OTIebHOH MaCJIOHANOpHOH yCTaHOBKH, COCTOAUei U3 CIMBHOrO 6aka, 
HaNOpHOrO KOTJa H MaCJIAHbIX HaCOCOB C apMaTYPOH HW KOJIOHKH yiipaBuJeHHA 
peryiaTopa, B KOTOpoH pacnoslaraiwoTcA MaATHHK, MeXaHv3M ylpaBAeHHA H 
3OJIOTHHKH. CepBOMOTOp MOHTHpyeTcA HeMOCpeACTBeEHHO y TypOuubl, C KOJIOH- 
KOH perysaATopa OH CBASBIBACTCA TpyOonpoBowaMH HW Nepesaueh B Bue TAT 
HM pbraaroB HW TpocaMH. — 

Ha pue. XII.11 noxa3ana cxema ycTaHOBKH peryATOpHOrO: o6opyJ0Ba- 
Hua TypOnHE YrauycKkoh TIC, cosqannok JIM3 B npeqBoenupre rogbl. Macso- 
HanopHan yCTaHoBKa / cocToxsla 43 ABYX HalOpHbIX KOTJIOB, CHaOKeHHBIX 
Kab IBYMA 3yOuaTHIMH HacocaMH 6, yCTaHOBJICHHbIMH Ha o6tlem CJIHMBHOM 
pesepByape 5, KOJOHKH yipaBuleHHun peryaTopa 2 M KOJIOHKH komOuHaTopa Q, 
pacnoaraiwuluxcaA B reHepaTOPHOM 3avie. 

Peryaatop tuna K-350 umeer 300THHK JMameTpoM 350 wm. TIpHBog Kk WeH- 
TpoGexKHOMY MAATHHKY OCYLLECTBAeTCA SICKTPH4eCKOH CBASHIO C MOMOLIbIO 
CHHXPOHHOTO TreHepaTopa, YCTaHOBJIeHHOTO Ha Bauly TYpOHHbI HW MOTOP Ha Ba- 
JIUKe MAATHHKA. GOJOTHHK 4, HMEIOINMH 6o/ bie TabapHTh!, BbIHeECeH B OTJeJIb- 
HbI y3e WH pasmeluleH NOX KOAOHKOM yupaBeHuA peryATOpa. SOMOTHUK 
paOouero KOJeca, KOMOHHaTOp H MeXaHH3M ero yapaprents, cocpeoToueHb! 
B OTNebHOH KONOHKe KOMOHHaTOpa 38. a 

B nocaepoenxpie rogn JIM3 6H nocuexoBatenbHd cosmaHbt ‘HOBbIe yCo- 
BepIeHCTBOBaHHbIe KOHCTpYy KWH pery1ATOpoB rHAPOTYPOHH * Tuna YK, PK, 
PKO u PO. 
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Peryantop YK HauaaH tpumMenaTb c 1946 r. B Tpex BapnaHtax: YK-100, 
YK-150 u YK-250 c qHamMeTpOM raBHbIX 30JIOTHHKOB COOTBeTCTBeHHO 100, 
150 u 250 um. B sTom peryaaTope BrepBble Obl MPHMeHeH JICHTOUHDIA LWeH- 
TpoOexKHbIN MAATHHK Oe€3 WIapHHPHbIX ONOP HW CBA3eH, OTMHUAIOWIMHCA OOVIb- 
WiOH UYBCTBUTebHOCTHIO. MacwoHanopHble yCTaHOBKH NpHMeHAJINCh Cc 6ouee 
HaJ@2KHbIMH BHHTOBbIMH HacocaMH BMeCcTO 3yOuaTHIX. Jia MOBOPOTHO-s0NAacT- 
HbIxX TYpOHH B 1950 ©. Obl] CO3HaH KOMIIeCKCHBIH peryaatop PK, o6beqnuya- 





Puc. XII.12. Peryaatrop tuna PKO-250 


{Ol B CAHHbIM KOMIVJICKC M@X@HH3Mbl YIIpaBJIeHHA OMaTKaMH HalpaBJa- 
tollerO allMapata U JIomacTAMH pa6Oouero KOvIeca B Tpex BapuaHTax: PK-1[00, 
PK-150 u PK-250, otauuatomuxca pa3mMepamuH 30/0THHKa (100, 150 u 
290 um). 

Haa Typ6un BomxKekux TSC um. B. H. JlehunHa u um. XXII cpe3sga KIICC 
JIM3 Obl co3qaH B 1953 Tr. cneiHalbHbI peryaatop Tuna PKO, o6beqHHeH- 
HbIH C MaCJIOHANOPHOH YCTaHOBKOHM B OHH OOULHH OOK. OOMLHH BUA perylA- 
TOpa MoKa3auH Ha puc. XII.12. Hanopupi Koten / u KoNOHKa yupaBeHHaA 2 
VCTaHaBJIMBaloTcaA Ha CJIMBHOH pesepByap 4, K CTeHKe KOTOPOrO KpenaATcaA riaB- 
Hble 30JIOTHHKH 3 CepBOMOTOPOB HalipaBJIAlollero almapata u padouero Kovleca. 
BepTukaJIbHble BHHTOBbIe HaCOCbI pacNO/IOKeHbI BHYTPH CAMBHOrO Gaka [31 I. 
Ha Bepx 6aka BbIBeJeHbI HX JIeKTPOABHMTaTelH 5. Bea cucTeMa peryJIHpoBa- 


HHUA YHOBJIeTBOP AJ a TpeOoBaHHAM ABTOMaATHUeCCKOTO YNPdaBJICHHA BJHEProcu- 
CTCM. 
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2. OCHOBHDIE NOJIOQKEHHA ABTOMATHUECKOFO PErYJIHPOBAHKA 


CoBpeMeHHBIe peryJATOpbl OGecHeuHBaloT NOMHY!O ABTOMATH3allHIO Typ- 
OHHbI C. BO3MOXKHOCTHIO AMCTAHWMOHHOTO yipaBJeHHA. OaekTpuyeckHe H 
ruApaBHyeckve CXeMbI HX GJIOKHPOBKH I1peAyCMaTPUBalOT KOHTPOJIb HOPMAJIb- 
HOH H aBapHHHOH padoThl rHaApoarperata, aBTOMaTH¥eCKH OOecne4uHBaloT HeOO- 
XOAHMY!O TIOCJICQOBATeJIbHOCTb ONepaluH H BAeHCTBHH MeXAHH3MOB arperata 
pH HOPMaJIbHbIX IlycKe MH OCT@aHOBKe H aBapHHHOH OCTaHOBKe. 

Cxema aBTOMaTH¥eCKOrO yipaBAeHHA THApoarperata OObIUHO paspabaTHI- 
BaeTCA, HCXOAA H3 CJIeERYIOUNMX NomomKeHHH [201]. 

1. OOca1yxHBaIOWLHH NepcoHadl B MaINMHHOM 3aJle CTaHILHH BeleT JHUIb 
HaOsOfeHHe 3a aBTOMaTH¥eCKH paOoOTaIOLuMH arperaTaMu. 

2. ABTOMATH4eCKHH MycK WH OCTaHOBKa arperaTa MpOH3BOAHTCA OT OAHOTO 
KOMAHAHOrO MMIlyJibCa, MocJle YerO MEXAHH3MbI arperata NPHXOAAT B WeHCTBHE 
B HY2KHOH NOcJeOBaTeIbHOCTH. 

3. [lpapuabHocTb paOoTH arperaTa HW ero y30B KOHTpOwHpyerca pxAyOM 
MeXaHH4eCKHX HW SJIEKTPH4UeCKHX pee: MaBJIEHHA, YPOBHA, OOOPOTOB HU Jp. 
Ilpu HapymieHuH HOpMaJIbHOrO COCTOMHHA MeXaHH3MOB arperaTa, ecJlH ele 
BO3MO2%KHA ero paOoTa B TeyeHHe HeEKOTOPpOrO BpeMeHH, MOsaeTca Mpexynpe- 
WHTCIbHBIH CHrHat. Ecau xe JalbHeliad pa6oTa MaUlMHbl HexONycTHMa, 
NPOH3BOAHTCH ABTOMaTH4YeCKaA OCTaHOBKa arperata. | 

4. ApapHiiad OcTaHOBKa arperaTa OCYIIeCTBIAeTCA ABTOMATH4eECKH. 

Oo. Jia onpo6oBaHHA HM HaslaqkH paOoTH arperaTa mpeqycmMaTpuBaerca 
BO3MOKHOCTb Py¥4HOrO yNpaBJIeHHA TYPOHHOH UW OTTeJIbHbIMH ee MEXAHH3MaMH. 

6. Han6oulee oTBeTCTBeHHbI€ 3JIEMCHTHI CHCTeMbI ypaBeHHA arperarTos, 
HallpHMep MacJlioHacochl MHY, aBroMaTwyuecKH pesepBHpyioTcaA. 

CorjlacHO BbIMeyKa3aHHbIM NOJIOKeHHAM, rHApoTypOuHHOe OGopysoBaHHe 
MpOeKTHpyeTcA Tak, 4TOObI OOeCHeYHBaJIHCh CeyIoulWe ABTOMATHYeECKHe pe- 
XKHMBI paOoTbl arperaTos. | 

1. Ilyck, B mpouecce KoTOporo MexaHM3MbI TrHApoarperata moce Mmouy- 
WeHHA WYCKOBOTO HMIlyAbCa NPUXOAAT B JeHCTBHeE B HyXHOH MOCeOBaTeJb- 
HOCTH; OTKPbIBaeTCA HalpaBJIAIOUIMH allapaT, arperaT pa3BopauHBaeTca, 
CHHXPOHH3Hpyetca H NOMKOUAaeTCA K CeTH. 

2. PeryiMpoBaHve CKOpOCTH BpallleHHA MpH HM3MeHeEHHH Harpy3ku. 

3. [lonomHeHve MaCJIOM KOTJIa MaCJIOHANOpHOH ycTaHOBKH (BKsIO"eHHe 
OCHOBHOTO MacJioHacoca). 

4. BkmouenHe pesepBHoro MacjoHacoca TIpH NaweHHW aBJeHHA B KOTJe 
MHY Hwxe onpekeneHHOH BeHUHHBI. 

oO. Tloqkauka Bo3qyxa B koTea MH npu noBbillieHHv ypoBHA MaCJla B KOTeA 
BbILe HOPMaJIbHOTO. 

6. BxmoyeHve Hacoca Np NOBbILIeCHHH ypOBHA MacJla B Oake JIeKaxKHOrO 
arperata. 

7. Bksgo4eHHe 92KeKTOpa Np NOBLILICHHH YpOBHA BOJbI B KpbIlKe Typ- 
OHHBI C OAHOBPeMeCHHOH NOJaveh CurHasia Ha NyJIbT (B CLy4ae YCTAHOBKH 92KeK- 
Topa). | 

8. PeseppupoBaHHe cCMa3KH HallpaBJAlollero MOAWIMMHHKa TYpOHHBI. 

9. YupaBleHHe Ki1alaHOM BIyCcKa BO3Ayxa Yepe3s BHYTpeHHee OTBEPCTHE 
Bajia OA padouee KoOsIeco TypOHHbI Npu paboTe arperata B pexKUMAaX C HeCTA- 
ILHOHApHBbIM TOTOKOM. | 

10. Bnyck cxKaToro BO3,yxa B OGaCTh paOouero KOIeca Mpu paboTe arpe- 
rata B peXxkHMe CHHXpOHHOrO KOMMeHCaTOpa. 

11. HopManbHaa aBTOMaTH¥eCKadA OCTAHOBKAa, B Mpormecce KOTOpoH Mocue 
NOJYYeHHA KOMAHAHOFO HMNY/IbCa MpOMCXOAUNT pasrpy3ka reHepaTopa (myTeM 
3aKPbITHA HallpaBJAloulero alllapata TypOHMHbI H OTKJIOYeEHHA ero OT CeTH 
lip OTKPBITHH XOJIOCTOTO xOjJja), TOPMOXKEHHA arperata, HAYHHAaA OT 3a aHHbIx 
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OG6OPOTOB HU JO NOHOH ocTaHOBKH. [locme ocTaHOBKH arperata BCe MCXaHH3Mbl 
ero ABTOMaTHU4eCKH NPHXOMAT B COCTOAHHE FOTOBHOCTH K NOceLyIOWUleMy MyCkKy. 
12. ABapuHivan aBTOMaTHY¥eCKaA OCTaHOBKa TYPOHHbI OCYILeCTBJIAeTCA: 

a) BO3J@HCTBHeM Ha IlyCKOOCTaHaBJIMBalolllee yYCTPpOHCTBO perysATOpa; 

6) aBapHHHbIM 30JIOTHHKOM, TOAalOllH4M Macvio No AaBraeHuem u3 MHY 
HEMOCPeACTBeEHHO B C€pBOMOTOPHI HallpaBJAlomlero alnapata pu cpabaTuiBa- 
HHH pesie IpOTHBOPa3rOHHOH 3alllHMTbI; 

B) ObICTPOMeEHCTBYIONIMMH ULHTAaMH, paCNOJIOKeHHbIMH Ha BepXHeM BOJO- 
3a60pe HAH 3aTBOpaMu Tepe TypOHHOH. 

13. ABToMaTHYecKHH TepeBo arperaTa H3 reHepaTOpHOrO pexKHMa B pe- 
2KUM CHHXPOHHOTO KOMMeHCaTOpa, B Mpomwecce KOTOpOrO ocue No.y4eHHA 
KOMaHAHOrO HMMYJIbCa 3aKPbIBaeTCAH HallpaBJIAIOWHH anlnapaT TyYpOWHbl 
OTKHMaeTCA BOa B KaMepe paOouero KOMeCa NO 3a]aHHOH OTMETKH. 

Jia o6OecneyeHHA aBTOMaTH4YeCKOH paOoTbl arperaTa B KOHCTPYKULHH 
rHapoMexaHuyeckoro oOopyNoBaHHA TIpelyCMaTPHBalOTCA pa3sJIH4HbIe 9yVIe- 
MeCHTbI ABTOMATHKH. 

B TOM uncle: 

1) pene JjaBmeHHA — KOHTpOMpyeT aBseHHe MKHAKOCTH HH CxKaTOTO 
BO3AYXa HU cpabaTHiBaeT IPH ONpeeJIeCHHbIX 3HAYeCHHAX aBJIeHHA, 

2) pele BpemMeHH — Mepek104aeT KOHTAKTbI Yepes 3aaHHbIh MpOMexKYTOK 
BDeMeHH; 

3) TeMnepaTypHoe peje — cpaOaTbIBaeT Tp JOCTHKeHHH onpenenennoit 
Temieparty ppl; 

4) cTpyHoe pene — cpaOaTbiBaeT Ip OMpeweeHHOH CKOpOCTH TeyeHHA 
KHAKOCTH; 

5) pele oO6opoToB — cpaOaTHiBaeT TPH ONpPeeeHHbIX 3HaAYeHHAX UHCe 
OOO pOToB; 

6) pene ypoBHaA — cpa6aTbiBaeT Np OpeAeIeHHbIX 3HaYeHHAX YPOBHeH 
KH JLKOCTH. 

K anmmapaType aBTOMaTHKH Take OTHOCATCA pas/IM4HBIe 30JIOTHHKH 
C JIEKTPOMArHHTaMH C JMCTAHILHOHHBIM yipaBJieHHeM; COJIEHOMAHbIe Kalaubl, 
KlanaHbl C THAPOMpHBOOM 4H T. OX. 


3. BBAHMOAEMCTBHE OCHOBHDIX 3JIEMEHTOB 
CHCTEMbI PEFYJIHPOBAHHA 


Ha puc. XII.13 noka3aHa NpHHIMNvalbHad cxeMa peryAATopa THMa 
PKO-250, mpumMeHeHHoro Ha arperaTax BosoxKcKkux TOC um. B. VW. Jlenuna 
u XXII cbe3ya KIICC. Ha 3To cxeme no3sunuamu J—J/O o003HaueHbl Mexa- 
HH3MbI HW YCTpOHCTBa, BXOAAUIMe B COCTaB MaCAOHAaNOpHOH ycTaHoBKH, //— 
43 — M@€XaHH3MbI WH YCTPOHCTBa, pacMOJO#KeHHbIe B KOJIOHKeE yilpaBJIeHHA 
peryJATOpa HW vlaBHbie 30JIOTHHKH CepBOMOTOpOB, 44—/4 — y3JIbl H Mexa- 
HH3MbI, OTHOCAIIHeCA K C€pBOMOTOPy, MaCJIONPpHeMHHKy H CaMOoH TypOHHe. 
IIpociequM NO 3TOH CXeMe B3AHMOJeHCTBHeE OCHOBHbIX Me€X@HH3MOB CHCTeMBI 
peryJIHpOBaHHA pH cOpoce Harpy3kH c reHepaTopa. COpocy Harpy3kH Mper- 
II€CTBOBaJI YCTAHOBHBIIHHCA pexkuM paodoTth. Ilocue cOpoca Harpy3KH MOILL- 
HOCTb TYPOHHbI HV, CeMOBATeJIbHO, pacxO BOAHI, IpOxo_nmleh Yepes TypOuHy, 
OynyT Oombuie, YeM Tpe6yeTca WIA TeHepaTopa. M36bITOK MOMHOCTH TYpOHHB! 
OyeT pacxoOJOBaTbcCA Ha yBeM4YeHHe YHCa OOOPOTOB reHepaTopa. Bospactraet 
Tak2Ke YHCO OOOPOTOB reHepaTopa 58 3JIEKTPONpPHBONa K MAATHHKY, HW BMeCTe 
C HHM YBeIMYHTCA WH UWHCIO OO6OPOTOB CHHXpOHHOTO MOTOpa Jd, KOTOPHIM Bpa- 
aeT WeHTpOOeKHDIH MaATHHK /6 peryaatopa. YBeMHYMBUIHeCH WeHTpo- 
OeoxKHbIe CHJIbI MAATHHKA Pa3sIBHHYT eo rpy3bl, BMecTe C HHMH IlepeMecTHTCA 
BBepX OTHOCHTeCJIbHO HIJIbl NOABM2XKHAaA OyKCa 300THHKAa UW OGOeCNeYNT ToWary 
Maculia K BCIOMOraTebHOMy cepBomoTopy 28. [lopmieHb BcnoMoraTeJbHOro 
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Puc. XII.13. [puuuunuanbHaa cxema peryastopa THNa PKO-250: 


6 — MaCJIAHDbIif 
50 — 6N0KHpoO- 


aOouero Kovleca; 
64 — Kamau cneuvatbHbli; 56 — YHAHBUDy- 


14 — yka3aTeJb 
36 — NOOYAUTeIbHbI 
40 — cnelWaibHbI KJla- 


9 — MaCJIAHbIA CuAbTD; 
44 — cepBOMOTOp HampaBsinlomero alinapata,; 


3/ — MaCJIAHbIN MHJIbTp; 


; 26 — MYCKOBOe YCTpOHCTBO 
a, 


66 — peryaupyromee KOUIbILO; 


30 — KaTapaxtT; 
385 — rugpoksanan perysATop 
49 — cTonop cepBomoTopa; 
; 60 — dunbtp; 6/ — KMaliaH, C QucTaHly- 
61eHun; 
; 72 — ApeHaxkuHbIh Hacoc; 73 — 3eK- 


HCTBO KOMOHHaTopa 


18 — ykKa3aTeb NOMOKeCHHA MONMacTeH p 
+ 2] — M@XAHH3M HaCTpOHKH IIo Hanlopy; 22 — yKa3aTeJIb 


13 — Me@XaHH3M ocTalOWjeHcA HepaBHOMePHOCTH; 
59 — MacJIOIIpHeMHHK 


py3 oO6paTuHolt cBA3H; 
6uHbI; 7/ — padouwee KoeCcO 


25 — nycKoOBoe ycTpo 
74 — monwaBKoBoe pee 


29 — M@XAHH3M OTKJIIOUCHHA KaTapakTa; 
; 48 — KOMaHJOarnapa’t; 


89 — nNoOyMHTeIbHbIN 30.0THHK KOMOUHATOpA; 


4 — pee ypoBHA MacJlia B kKoTJe; 5 — OOpaTHbIH Kanan; 
° 53 —T 


OOporTos; 


16 — UWeHTpoGexHbIH MaATHHK; {7 —- 3IeEKTpOTAXOMeTD, 
65 —- KOHTAKTbI pa3spbIBHbIX MpHCcIIoco 


8 — pele MaBJICHHA BKJHOYCHHA pe3sepBHOrO Hacoca, 


H OCTAHOBKH; 
43 —- riaBHblli 30N0THHK paOouero Koveca; 


70 — NOAWHNHHK Typ 


Ka 
64 — 3>KeKTOD; 


20 — M@XaHH3M OTpaHH4eHHA OTKPBbITHA 
69 — HanpaBJIAIOWluH alimapart; 


; 47 — meKaxHbift arperarT 


; 24 — OrpaHH4HTesb NO Hanopy; 


28 — BCIMOMOraTeNbHbIH Ce@pBOMOTODp; 


33 — rpy3 o6paTHoH TpocoBod nepemayH; 


34 — PiaBHbIH 3000THHK HallpaBJaionulero alnmapata; 
TPDOTeEPpMOMETP; 


{2 — M@xXaHH3M H3MeCHeEHHA 4HCI1a O 
; 62 — MpeoxpaHuTecJIbHbit K1alaH 


aBJAIOWJErO altapata, 


H 30JIOTHHK CepBOMOTOpa 
; 56 — Tpoc; 57 — pene oGopoTos; 58 — neHyeb-reHeparTop; 


63 — BeHTHJIb 3€NHBKH Hacoca; 


2 — caHBHOH G6ak; 3 — MaCJIOBO3AYIUHBIH KOTeN; 
OHHDI; 


7 —- nepenmycKHOH MpeOxpaHuTebHbih Kaman; 
; 42 — ruApokmanali KOMOHHATOp@; 


1/0 — aBapHinoe peste faBpieHun; [/ — Bast BbIKMIOVATeIA; 
3OJIOTHHK; 38 — 3AECKTPOMAIrHUTh! Myc 


23 — ObilcTpbi OF paHHUHTeyIb 


27 — KyNayoK KOMOHKHATOp A; 


32 — MAaHOMeTD; 


HHOE pele; 


oo 


§/ —~ Hacoc BbICOKOrO WaBJIeHHA 


; 46 — OJIOKHPOBOUHDI 


37 — TYCKOBOH 


15 — 39NeKTPOABHTaTeMb MAATHHKA; 
3O0JIOTHHK cTonopa 


19 — yKa3aTeJIb OFpaHHUHTeJIA H OTKDPbITHA Hallp 
62 — cTpy 


4/ — aBpapHHubli 
45 — aBapuvHHbI 30N0THHK 
67 — CaJIbHUK TYpOHHBI; 68 — Bas Typ 


BOYHDIN 3OJIOTHHK CTOTIOpA; 
ANbHbIM CepBOMOTOP aBapHHHOrO 3aKphbiTHA 


i] — yKa3aTeJlb YpOBHA Macwla B 6aKe; 
BHHTOBOH Hacoc C ICKTPOABHraTeeM; 


HacTpOHKH KOMOHHaTOpa MO Hanopy; 


peryaaTopa; 
3OJIOTHHK perysAaTopa; 


Hep aBHOMepHOCTH; 
OHHbIM IIPHBOJOM; 


aH; 


Ce€pBOMOTOPa ONYCTHTCA BHH3 H MepemMecTHT BBepx 
HTy MOOyAUTeIbHOrO 30JIOTHHKA 36, 4YTO BbIZOBeT 
CMelleHHe BHH3 Tella TiaBHOTO 30JI0THHKa 34 Ha- 
npaBJatoulero annapata. Maco now WaBJIeHHeM OT 
HanopHoro KOTJa 3 mocrynaeT K 30JIOTHHKY uepe3 
rHipoklanan 35 Masmee K Ce€pBOMOTOpy HalpaBJIAlo- 
lero ammapata 44 B NOMOCTb WHJIHHApa «K 3aKDpbl- 
THIO», Aa MaCJIO C MPpOTHBONOJOKHOH ero MOMOCTH 
nepesaeTcaA B CJIMBHOH Oak 2. JlaBjleHHe Macjla Ha 
MOpwieHb CepBOMOTOPAa co3aeT HEOOXOMUMOe YCHIHe, 
H HalpaBJAIOWuH annapaT TypOHHbI MepeMecTUTCcA 
Ha 3aKPbITHe, MPHKPOIOTCA JIONATKH HalpaBJIALollero 
annmapata 69, yMeHbUIMTCH pacxoy, BOJbI, MpoTekaw- 
ULMH 4uepes TYpOMHy, H, CJIEIOBaTeJIbHO, CHH3HTCA 
MOULHOCTb, pa3BHBaeman TypOuHoH. [lopmenb cep- 
BOMOTOPa IIPH CBOeCM JIBH>KeHHH OyeT MepemelllaTb 
ywepes TpOCcoBy!lo NMepesayy (He NOKa3aHHyWO Ha CXeMe) 
Bal BbIKIO4UaTeIA 11, KOTOPHIA 3acTaBHT MOBOpadH- 
BaTbCA Kya4oK KOMOuHaTOpa 27. IIpu 3sTOM powHK 
pbluara, NOCTOAHHO IIpH»KHMaeMOrO K KyJayky, Te- 
PeMeCTHTCA H BO3SJeEHCTByeT Ha NOOYAUTeEIbHbIN 30- 
JOTHHK 39 padouero Kovieca. [lo6yAuTeIbHBIN 30J0T- 
HHK ONYCTHT BHH3 TeJIO haBHOTO 30JI0THHKa 43 pa- 
Ooyvero KOvIeca, KOTOPbIH Noacr MacJiIo, mMoctTyma- 
lolulee K HEMY OT HallOPpHOH yCTaHOBKH Yepe3 FHApo- 
KJlanaH 42 K MaCJIOolpHeMHHKy 59 u Masiee NO WTaH- 
raM B COOTBETCTBYIOULYIO NOOCTbh IHHHApa cepBo- 
MoTOpa paG6ouero Kovieca. Macvio 43 CJIMBHOH NOMOCTH 
WHIHHApa cepBoMOTOpa NO Apyrou NoOvoOcTH UWITaHTH 
NOCTYNHT B CJIMBHYIO KaMepy MaCJIOIPHeMHHKa H Ja- 
Jee uepes Tpy6y HW 30JI0THHK B CJIMBHOH pesep- 
Byap MacJIONpHeMHOH ycTaHOBKH. Iloq AaBseHnem 
MacJla MOpIieHb cepBOMOTOpa paOouero koOJeca Ie- 
PeMeCTHTCHA H BMeCTe C HHM LUTOK CO WITaHroH. OceBoe 
nepemMelileHHe ITaHrv uwepes TpaBepcy, pbl4Yar Hu TPO- 
COBY!O CBA3b 06 TepejlaeTcaA K HTVe WH 30JIOTHHKY pa- 
Oouero Kovieca, IPHBOAA K CpeAHeEMY MOJIOKeHHD. 
JlonacTH pa6douero KoJIeca NpHKpOIwTCcA HW yCcTaHo- 
BATCA Ha HOBbIM YIrOJI, COOTBETCTBYIONIHH HOBOMY M0- 
JIOMKeHHIO HalipaBAloulero annapata. BaJl BbIKJI10- 
yaTein J/, NOBOpadHBanch, BO3AeHCTByeT epe3 
pbluar Ha cTakaH KaTapakta 3O BBepx. IIpu OpicrpomM 
CMeILeHHH cTakaHa KaTapaKkTa 3a HHM BBepxX CMe- 
CTHTCH WH efrO NOPWeHb, HAXOAAWIMHCA BHYTPH CTa- 
KaHa, KOTOPbIH Yepe3 Mepewayy CABHHeET BCIOMOra- 
T@JIbHbIM CepBOMOTOp 28 K cpeHeEMy MNOJOKeHH1, 
4uTO TIOBMeueT MepeMellleHHe K CpeHeMYy MOJ1IO%KeEHHIO 
H Y[aBHOTO 30JIOTHHKa CepBOMOTOpPa HalipaBJA1o- 
mjero anmapata. [IpuH cmenleHHu NOpIIHA KaTapakTa 
C HHM OyyeT epemellaTbcaA WH Ura 3ON0THHKA 
MaATHHKa K CpeHeMy MOJO2*KeHHIO, COOTBETCTBY1O- 
WleMy HOPMaJIbHOMy 4HCy OOopoTos. [lopimieHb Ka- 
TapakTa MO BO3SHeEHCTBHeEM IIPy2XKHHbI, 3aCTaBJIAlO- 
eH MepeTeKaTb MaCJIO H3 OMHOK NOJOCTH B Apyryt, 
TOwKe BepHeTCA B CpeHee NOJOKeHHE. 
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IIpomecc peryupoBaHHiA HWMeeT XapakTep 3aTyxXalollux KONeO6aHHi u 
3aKaHUHBaeTCA IPH HOBOM TOJIOKeHHU HallpaBAioulero alilapata u Jonmactert 
paOouero Kosieca. Uucno O6opoTos arperata ycTaHaBJIMBaeTCA B COOTBETCTBHU 
C IPHHATOH CTeMeHbIO OCTAIOUeHCA HepaBHOMePHOCTH peryJHpoBaHHaA. 

IIpu Ha6ope Harpy3kH, B Mpomecce perymHpoBaHHA, MepeMellleHHe 30V10T- 
HHKOB H C€pBOMOTOPOB OyJeT MpOXOLHTb aHaJIOrHYHO, HO B OOpaTHOM Halipas- 
JIGHHM. : 

B peaJIbHbIX YCJIOBHAX JeHCTBHe OCHOBHbIX M@XA@HH3MOB CHCTeMbI peryJH- 
POBaHHA Meer ellie OOlee COMRHBIH XapakTep H3-3a PAA BCMOMOLaTeJIbHbIX 
yCTpOHCTB H Me€XaHH3MOB. 

[3smMeHeHHe paBHOBeCHOTO 4HCAa OOOpoTOB, KOTOpOe MOsMepxXHBaeT pery- 
JAATOP, JOCTHraeTCA C MOMOLMLbIO MCXaHH3Ma H3Me€HeHHA UnCa OGOpoToB 12, 
COCTOAMEFO H3 XICKTPOABHTaTeJIA WH peyKTOpa, KOTOPbIH MOXKET NepemelilaTb 
JI@BbIM KOHeIL pbluara, HAyulero K KaTapaKTy 30. Ecau, HampuMep, eBbIit 
KOHeL, pbluara CMeCTHTCH BHH3, TOrAa pbluar MOBePHETCA OTHOCHTEJIbHO Ipa- 
BOHM TOUKH, CBA3AHHOH CO WITOKOM KaTapakTa, OJHOBPeMeHHO epeMecTHTCA H 
BTOPOH pbidar, CBASbIBAIONLHM MAaATHHK CO BCIOMOraTeJIbHbIM CEpBOMOTOPOM 28, 
HW TlaBHbIM 3OJIOTHHK peryJIATOPa BbISOBeT JBHKeHHE MOPWHA CepBomoTopa 44 
Ha OTKpbiTHe. Unc0 OOOpoToOB TYpOHHbI NoOBbICHTCH. Bmecte c NOpiieM cep- 
BOMOTOpa IipHweT B JBHKeHHe Nepesqaua OOpaTHOH CBA3H, BaJl BbIKJIOUa- 
Tein // KaTapakta u T. a. IIponsoH#zer npomecc perymupoBaHHA, B pesyJIb- 
TaTe KOTOpOro CHCTeMa IIpHeT K HOBOMY PaBHOBeCHOMY COCTOAHHIO pH Oovlee 
BbICOKOM 4H¢cJIe OOopoToB. IIpH ABuxKeHHH MeXaHH3Ma H3MeHEHHA BHCAa O6O- 
PpOTOB B Apyrylo CTOPOHY H NMepeMelleHHA JeBOH TOUKH pbl¥ara BBepx CHCTeMa 
peryHpoBaHHaA CpadoTaeT B OOpaTHOM HailpaBJIeHHH HM ee PaBHOBeCHOoe N0- 
AOMKeHve yCTaHOBHTCA MpH Oouee HH3KOM 4nCe OOOPOTOB. 

HismMeHeHHe CTemeHH OcTatolleHcaA HepaBHOMepHOCTH B Ipesemax oT 0 Zo 
6% MocTuraeTca C MOMOMIbIO MexXaHH3Ma ocTalollelica HepaBHoMepHoctTu 1/8, 
CBASA@HHOFO C BaJIOM BbIKIOUaTeIA H BO3STeHCTBylollero, KaK NOKa3aHO Ha 
cxeme puHc. XIJ.3, Ha AeBbI KOHeEL TOTO %e pbluara, Ha KOTOPbI DelHcTByeT 
M€XaHH3M HM3MeHeHHA U4NCIa OO6opoTOB. KomOuHaTop B ZaHHOH cxeme Jei- 
CTByeT CeqyIOWlHM O6pasom. OT Bala BhIkIOYaTeIa 1] uepes YCKOPHTeAbHY!O 
3syOuaTylo Nepexayy NoBopawnBaeTca KyayoK KOMOuHaTOpa 27. K Kyaa4ky 
KOMOHHaTopa CHJIOH WaBJIeHHA MaCJia, MeHCTBylOulero CHH3Y OT HIVIbI M0- 
OYAHTeA, SOJIOTHHK 39 TIpWoKUMaeT POJIHK pbiuara. Ecau HanpaBsaului 
almapaT 3akpbiBaeTca, KyJIauoK NOBOpaudHBaeTcA Tak, TO NOOYAUTe/bHbIM 
3OJIOTHHK 39 H Maslee TaBHbIH 3OJIOTHHK pa6ouero Koseca 43 cpa6aTIBaer, 
H CepBOMOTOp paOouyero KOJIeCa 3aKPbIBaeT JIOMACTH. | 

Ilpu ABH KeHHH NopurHa cepBomMoTOpa paG6ouero KOeca 4epes WITaHrH 
H Tpoc oOpatTHoH cBx3u 56 30N0THHK paOouero KOJeca BO3BPaTHTCA B UC- 
XOMHOe Cpesnee NOJO*KeHHe, IpH KOTOPOM CepBoMoTop pa6ouero Kovleca OyeT 
HeNOABY KHIM. 

iid BO3MOXKHOCTH HAaCTpOHKH KOMOMHATOPa COOTBETCTBEHHO JeHCTBYIO- 
memMy Ha [SC Hwanopy noBepxHocTb Kyjauka KOMONHaTOpa BbINOJHeHAa 
JBOAKOH KPpHBH3HEI. HactpoHka no Hanlopy OCyHIecTBAAeTCA NMOCpeACTBOM 
WlaHeTapHoro pexyKTopa 2/, uMelolmlero py4HOH WM JMCTaHIMOHHbIH (OT 
SICKTPOABHTaTeA) MpHBOL. | 

Mexayu3m orpaHvuenua OTKpHITHA 20 uMeeT Ba He3aBHCHMbIX MpHBOMa: 
PyY4HOH HM AHCTAHWHOHHHIH OT 9%XIeKTpOZBHraTeia. O6Oa MpHBoya Bo3szeH- 
CTBYIOT Ha pbluar, JeBbIM KOHeIL KOTOPOrO OrpaHHuMBaeT nepemeljenHe 
Ha OTKPbITHe BBepxX HIVIbI BCMOMOFaTebHOTO CcepBoMmMoTOpa 28. | 

HenuwcTBHue MACAOHANOPHOH ycTaHOBKH 3a4KJ/10- 
waeTcaA B cAHeAywomenm. Beptukalbybii MaciAHbIM Hacoc 6, IpH- 
BOAUMBIA BO BpallleHHe 3ICKTPpOABHraTeJieM, 3aCaCbIBaeT MAaCJIO H3 CJIMB- 
Horo Oaka WM HarHeTaeT ero Yepe3s OOpPaTHHIH Kanan 5 HW 3anoOpHblH Kanan 
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B HalopHbiH KoTel 3. H3 koTa Macao Nok WaBsIeHHeM TOCTyMaeT B Hanop- 
HbIH Tp yYOONPOBOL AIA NHTAHHA CHCTeMbI peryHpOBaHHA, OTKYa BO3Bpallaer- 
CH NO CAHBHOMY TpyOOnNpoBosy 2 B CHBHOH Oak. Korga WaBJeHHe B KOTUJIe JO- 
CTHTaeT HYKHOFO YPOBHA, OTKPbIBaeTCA MepelnyCKHOH KJiallaH 7, Yepe3 KOTOPHIH 
MaCJIO OT Hacoca MOCTyMaeT OOpaTHO B CIHBHOH Oak. IIpu 3TOM OOpaTHBIH Kula- 
NaH 0 JaBJIeHHeM MaCJla H3 KOTJIa 3aKPbIBaeTCH, MpenATCTByA OOpaTHOMy 
nmoToKy Maca. IlepemyckHoH KJanaH yipaBJinerca JaBJICHHeM MacJia H3 
koTJa. IIpH HeHcnpaBHOCTH NepenycKHOro KJamaHa BO3MOXKHO MOBbIMIeHHe 
WaBJIeCHHA MaCJla B HalOpHOH OOsacTH Hacoca. IlosTOoMy, KpoMe Toro, Mpeyy- 
CMaTPHBaeTCA NPeCAOXPAHHTebHbIH KilalaH, MpeOTBpalllalwoluluH NOBbIMIeHHE 
JlaBICHHA B KOTJe. YKa3aHHbIN NOpAAOK paOoTbi OCHOBHOYLO Hacoca Yepes Mepe- 
MNVYCKHOH KJlalaH Ha3biIBaeTCA HEIPepbIBHbIM PeXKUMOM PaGoThI Hacoca. OAHako 
NOY pacipocTpahHeHve H IIpepbIBUCTHIH pe»xKHUM paOoOTHI Hacoca, Korga 
OH YIpaBJIAeTCA CHeWHaIbHbIM pele AaBJIGHHA, BKJIIOUAIOULUM 3JJIEKTPOJBH- 
raTeJib Hacoca B CeTb IIPH NOHHKEHHH AaBJICHHA MaCJla B KOTJIe JO OnpeyeeH- 
HOTO Tipeyesia HW OTKIIOUAIOWIHM eFfO IIpH HOPMaJIbHOM JjaBJICEHHH B KOTUJIe. 

Ha JBoHHOM *buubTpe 9 ycTaHOBJIeHbI [Ba pele aBJeHHA, K KOTOPHIM IO- 
CTyYNaeT OUNWIEHHOe B C*PHJIbTpe Maco. Pele ZaBsleHua S CJLYKUT WIA BKJIIOUe- 
HHA pe3sepBHOTO Hacoca IIpH CHHKeHHH B KOTWMe JaBJIeHHA MaCJla IIpHMepHO Ha 
20% oT HopMadbHoro. IIpH nomomH Kode ympaBseHHaA O6a MaCJIAHbIX Ha- 
coca paOoTaioT Kak B KaueCTBe OCHOBHOIFO, TaK HU pe3sepBHOrO. 

Pele MHHHM@JIbHOrO JaBseHHaA 10 CLYMKUT JIA aBAPHAHOM OCTAHOBKH Typ- 
OHHEI IPH CHHKeHHH B KOTJIe€ JaBJIeCHHA Maca JO HeEKOTOpOH MHHHMaJIbHOH 
BeJIM4HHbI, pH KOTOPOH elle BOSMOXKHO 3akpbiTHe HallpaBJAloWlero allnapata 
TYPOHHbI. 

J\ld KOHTPOJIA YPOBHA MaCJla B CJIMBHOM Oake TIpeMyCMOTPeH yKa3aTeuJIb 
ypoBpya /, HMeIOU,WM KOHTAKTbI, CHrHaJIM3HpYyIOUulWe O MHHHMAJIbHOM HM MaKCH- 
MaJIbHOM ypoBHe Macuia. JiNa KOHTpOJIA YPpOBHA MacJla CAYKUT MacJlOyKa3a- 
TeJlb H pete ypoBua 4. 

ABTOMATH3allLHA paOoTbl HW Mpolecca yupaBsJeHHA TypOHHOH TpeOyloT Aonow- 
HHTeJIbHbIX YCTPOHCTB, KOTOPble MpeAbABJIAIOT HOBbIe TPeOOBaHHA K Me€XaHH3- 
MaM TYPOHHbI HM peryATOpa, B OCHOBHOM Kacatrollveca HeEOOXOAMMOCTH BBITOVJI- 
HeEHHA CTPpOTOH MOCMeAOBaTebHOCTH onepalnHH. Jia ruzApoTypOuH c peryJsa- 
TOpoM PKO-250 npu pa6oueM cOCcTOAHHH MaCJIOHANOpHOH yCTaHOBKH Tipu HOp- 
MaJIbHOM IlyCKe H OCTAHOBKe HMeeT MECTO CIEL YIOWlaH NMOCMIeOBaTeJIbHOCTb 
onepalun. 

Hyck TypOunp. 1. Ha nyapre POC JexypHbii NOBOpayMBaeT KJIIOU yupaB- 
JIGHHA arperaTOB B NOJOKeHHE «IIYCK». 

2. QNICKTPOMArHHT C 3alleKOH CMellaeT 30JIOTHHK ylpaBJIeHHA THpo- 
KlanaHa BOLOMpOBOAa CMa3KH NOAMWHNHUKAa TyYpOHuHb! OJ. DeKTPOMArHHT CTa- 
BHTCA Ha 3alleiKy WH OOecTrounBaetca. [UApOKJalaH OTKPbIBaeTCA, BOMa IOCTy- 
maeT B NOAMWANHUK TypOuHbHI 70, cpabaTbiBaeT CTpOHHOe pele 62 CMa3KH H 3aMbI- 
KaeT KOHTAKTbI JIA MOCMeLYIOULNX onepallHH. 

3. BxksrouaeTcA MYCKOBOH 300THHK 387. OTKpbiIBaloTCA THApoOKanaubl 
peryiatopa 55 u 42. CepBoMoTOp HanpaBJIAlolmero almapata MOATATHBaeTCA 
Ha 3aKpbITHe, CMelllaeTCA 30JIOTHHK OOKHpOBKH cTonopa 46 Hu BKIOUaeTCA 
cTonop 49. 

4. CmenmlaeTca 30JI0THHK JWCTaHIMOHHOTO yupaBaeHua 37. HanpaBuato- 
IM alllapaT OTKpbiBaeTCH O MycKOBOTO OTKpbITHA. ArperaT HaudHHaerT 
Bpamatbca. [lycKoBoe ycTpokctTBo 26 mocTemeHHO OTKPbIBaeT HallpaBJIAIOWlHh 
almapaT HW COOTBeETCTBEHHO yYBeJIN4HBaeT CKOPOCTb BpawleHHa. JlomacTH yctTa- 
HaBJIHMBaloTca B paOouee nNovIOKeHHe. 

Oo. IIpH nmpu6.uKeHHH K HOPM@JIbHbIM CKOPOCTAM BCTylaer B eHcTBHe 
MaATHHK 1/6, HAYHHAETCA ABTOMATHYECKOE PeryJIHPOBaHne CKOpocTH. PeryJATOp 
YMeHbilaeT OTKPHITHE HAallpaB.1AlOWlero alnnapata AO OTKPbITHA XOOCTOTO XOMa. 
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6. Ilocae focTHKeHHA HOPMaJIbHOHK cKopocTH BpallleHua arperat rOTOB 
K CHHXPOHH34llHH HM BKJIIOUCHHIO B CeTD. 

Ocranoska arperata. 1. Kmiou ynpaBieHHiA nNOBOpayHBaeTca B- nomomeHHe 
«OcTaHOoBKa». C arperaTta CHHMaeTCA Harpy3Kka, TeHepaTop OTKTOUaeTCA OT 
ceTH Mocle JOCTHKCHHA HallpaBJIAIOULHM alinapaTOM MOJOXeHHA XO/OCTOFO 
xona. Cpa6aTpipaeT pay peste, HeOOXOAUMBIX JIA OCTAHOBKH TYPOHHBI HU pery- 
AATOpA. 

2. Bxioyaercn 9J1@KTPOMarHUT OcTaHOBKH, KOTOp brit NepeMellaeT 30J10T- 
HHK JHCTaHWMOHHOrO ynpaBleHHa. LaaBHbih 3010THUK perysATOpa NPHBOAUT 
K 3AKPbITHIO HallpaBJIAloWlero almapata HW OcTaeTCA B CMeILCHHOM Ha 3aKDpbiTHe 
NOMOKeHHH, OOeCNeuHBaA HAaTAY MeEXKAy MOMaTKaMH HallpaBJIAlowsero: anna- 
pata. BkwouaeTcA cTONOp cepBOMOTOpa. _. 

3. I]pH cHw2KeHHH OOOPOTOB arperaTa JO 35% oT HOPMaJIBHBIX cpadatTpI- 
BaeT pele OOOpOTOB,. BKJOUaIOIlee TOPMOXKeHHe poTOpa TeHepaTopa. 

4. J[locame ocTaHOBKH poTopa arperatTa MpekpailaeTcA Noaua BOMbL K NOL- 
IWHMMHHKY. SakpbiBaeTCA THApOKanaH Ha BOXAHOM TpyOomposore. JlonactTu 
KOIeCa YCTaHaBJIHBaloTCA B NYCKOBOe MOJIOKeHHE. 

Asapniinaa octaHospka. ABTOMaTH¥ecKan aBapviinad OCTaHOBKa TYPOUHHI 
MpOHCXOJHT B CJLy4ae HeEMCHpaBHocTeH, rpo3sAwiHx aBapuen. IIpu 3sTom npo- 
H3BOHTCA BKIIOUeHHeE pele OCTAHOBKH OT 34MbIKaHHA KOHTAKTOB B OJHOM 43 
Ce y FOUL X ycCTpoucts: 

a) KHONKH py4HOH aBapWHHOH OCTAaHOBKH; 

6) pele pW MpekpalleHHH NOMa4n BOI K NOAWHMHHKY; 

B) pelle JaBJIeHHA TIpH aBaPpHHHOM CHHXKeHHH aBJICHHA MaCla B KOTUJIe; 

r) pene OO6OpoTOB pu pa3roHe arperata. 

HanbHehiliad MOCeqOBaTeJIbHOCTb ONlepalwuH OCTaHOBKH TYypOuHbI npouc- 
XOMHT aHaJIOTHUHO HOPMAaJIbHOH OCTAHOBKe. | 

OnucaHHan MOCIeAOBAaTeJIbHOCTh ONepallHH cipaBeIuBa AIA peryistopa 
Tuna PKO-250. Jia Apyrux HCNOJIb3yeMbIX B HaCTOALIee BPeEMA PeLry/JIATOPOB 
oHa 6yeT HHOH, TaK KaK yY HUX He NPHMeHAeTCA THAPaBMMUeCKOe MyCKOOCTa- 
HOBOUHOE YCTPOHCTBO. 

Ilyck H OcCTaHOBKa ocymlecTBAKeTCH M€X@HH3MOM OrpaHiveHHA OTKDBITHA. 
OtTcyTcTByeT TakxKe ruapoksanaH. Cronop HMeeT TObKO py4dHoe yipaBuenne. 

CoBpeMeHHbie TH poMexaHnuecKkhe peryJATOPpbl CKOpOCTH THApoTyp6uH 

AOCTHTIH BbICOKOTO COBEPUICHCTBA B OTHOWECHHH HaeKHOCTH, YYBCTBHTE/bHO- 
CTH H yCTOHYHBOCTH peryJHpoBaHHaA. 
_ OjHako H300pOMHagd CxemMa peryaTopa Cc BO3eHCTBHEM MO CKOpOCTH Npu- 
BOJHT K CpaBHUTeJIbHO MeJWICEHHOMY JeHCTBHIO peryAATOpa Mp MaJIbIxX H3Me- 
HEHHAX PeXKHMA HIN BO3STEHCTBHA Ha MCXAHH3M H3MeHeHHA OOOPOTOB. YcTpa- 
HeHHe 3TOrO HeAOCTaTKAa HW MOMyueHHe HYKHOTO ObICTpOseHcTBUA peryATopa 
WOcTHraeTCH YMeCHbUICHHeM BPeMeHH H30ApOMa HAH NOMHOTO OTKIIOUeHHA 
H300pomMa pu paoote arperaTa Ha MOIILHYyIO CeTb. 

OcHOBHbIM HeJOCTaTKOM CYINeCTBYIOULHX THApOAHHAMHYeCKHX peryJATO- 
pOB IPH COBPeMeHHOM TPpeOOBaHHH ABJIAeTCA TO, 4TO OHM He OGecreuHBaloT 
rpylMnoporo pery/JIMpOBaHHA H TpeOylOT NPHMeHeEHHA BTOPHYHHIX peryAATOPOB 
yaCTOTbI H T. I. YCTPOHCTB. 

B nocmeqHee BpeMA MOABHJIMCh CelHaJIbHbIe YCTPOHCTBA B BHA 9/1eKTPO- 
MarHHTHbIX KOPPeKTOPOB, KOTOPbIMH JONOJIHAIOTCA THApOMexaHHyecknue pery- 
JATOPbI, IPH 3TOM OKAa3bIBaeTCA BO3MOXKHBIM OCYLICCTBUTb rpylmnoBoe peryJH- 
poBaHue arperatTa. OfHaKO 3TO YCTPOHCTBO HMeeT PAA HeOcTaTKOB. IlosTomy 
B MNocweqHee BPeMA WIA PelleHHA 3aaun TpynnoBoro peryAHpOBaHHA arpe- 
raTOB OKa3al0Cb WesecooOpa3sHbiIM MpHMeHeHHe 3IeKTPOrHApaBsMdeckoro 
peryaatopa (OTP). 
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4. JJIEKTPOTHAPABJINUECKHA PErYJIATOP 


Poct 9HeprocucTeM B OTHOIMeHHH YCTaHOBJICHHbIX MOLJHOCTeH, NpOTsA*KeH- 
HOCTH H pa3BeTBJICHHOCTH JIMHHH Mepefau, a TaKxKe MAKCHM@JIbHaA ABTOMATH- 
3alHA yYIpaBJIeHHA OTJeCJIbHbIMH CTAHILMAMHM UW LWeJIbIMH SHEPFOCHCTeMAaMH BbI- 
JIBHHYJIM HOBbI€ 3afa4uH WM TpeOOBaHHA kK perysJHpOBaHMlo ruApoarperaros. 

PaHbille CUHTAIOCb JOCTATOUHbIM OOeCNeYHTb YCTOHYMBOe perysIUpoBaHHe 
CKOpOCTH FHApoarperata B Cilyuae paooTh ero Ha H3OJIHPpOBaHHY!WO Harpy3Kky 
H HM€Tb BO3MOXKHOCTb MEHATb BEJIMYHHY OCTalOlleHcA HepaBHOMepHOCTH B ipe- 
nenax oT 0 10 6—8%, 4em OOecneyHBalacbh yCTOHYMBaA NapadwienbHad pabota 
ruapoarperaToB c pacnpeyeteHHeM Harpy3KH Mey HHMH B COOTBeTCTBHH 
CO CTaTHYeCKHMH XapakTepHcTHKaMH. C 3ToH 3amaueH BowHe CipaBa Auch 
rHapomMexaHuyeckhe peryJATOpH. 

B HacTosllee BpeMA KPyNHble THApoarperaThl MmpakTHyecKH paGoraiot 
TOJIbKO MapaJJIebHO C APyrHMH arperaTaMH B OOLLYy!O CeTb, a pacipeseseHue 
Harpy3KH B MOULHbIX 9HEPrOCHCTeMaX MeXKAY OTACJIbHbIMH arperaTaMH B COOT- 
BeTCTBHH CO CTaTHYeCKHMH XapaKTepHCTHKAaMH UX THAPOMexaHHyeCKHX pery- 
JATOPOB TIPHBOAHT K pxAy HeyOOcTB, OCHOBHbIMH. H3 KOTOPBIX ABJIAIOTCH 
cuelyroulHe. 

1. Harpy3ka pacnpegeinetca He NO 3aKOHy, 3a laBaeMOMY 3KOHOMH4e- 
CKHMH lpeAnocblikKaMH, a MO CTaTH¥YeCKHM XaPaKTePHCTHKAM OTJCJIbHbIX 
rupoarperaToB, KOTOpble MOryT H3MeCHATLCA TOJIbKO MyYTeM Py4HOro BoseH- 
CTBHA. 

2. [ip 3HayHTeJIbHbIX KONeOaHHAX Harpy3KH B CeTH WIA NosepxKaHuA 
MOCTOAHCTBA YaCTOTbl BOSHHKaeT HeEOOXOAHMOCTb IIPHMeHeCHHA BTOPHUHbIX 
peryJATOPOB YaCTOTbI, YTO yYCJIOMHAeT CHCTeMy PeryJIHPOBaHHA. 

3. Jia peryJIMpOBaHHA UaCTOTbI B MOULHOH 3HeEprocucTemMe NO acTaTHue- 
CKOH XapakTepHcTuke (C HyJeBOH HepaBHOMePHOCTbIO) HAH OH3KOH K Her 
MOWHOCTb OAHOTO Jake OYeHb MOUHOTO arperaTa OObIYHO HeNOCTAaTOUHA. 
Muoroarperatupie [3C c MOULHbIMH arperaTaMH JaloT BO3SMOXKHOCTh Nomep- 
*KAHHA YACTOTbE B CHCTe€Me MOLILHOCTbIO BCeH CTAHI[HH TOJIbKO B TOM CuJlyyae, 
eCJIH TIpH 39TOM OOecteueHa YCTOHUNBAA MapadwelbHan paOota arperaToB no 
acTaTHYeCKOH XapaKkKTepHCTHKe. 

4. Ha muoroarperatupix [3C co3gqaerca HeyOOcCTBO yipaBJICHHA OTIeJIb- 
HbIMH arperaTaMH. I[IpH H3MeHeHHH 4HCIa paOOTaIOWLNX MAUIHH, 4TO MOKeT 
OCYULECTBIIATbCH ABTOOTIepaTOpaMH, HCXOJA H3 JKOHOMHYECKHX IIPeMOChIOK, 
OKa3bIBaeTCA HEOOXOAHMBIM NMPOM3BOANTb NepepacnipeseenHve Harpy3KH MexK]y 
arperaTaMH, BO3JeHCTBYA Ha peryJIATOpb! arperatTos. Take TpeOyeTca Bo3- 
JeHCTBHeE Ha peryAATOPbl arperaToB, Korga TpeOyercA H3MeCHHTb Harpy3Kky 
rHUpocTaHuvl Mp COXpaHeHHH NOCTOAHHOH YacToTb B ceTH. IloasTomy ieue- 
coo6pa3Ho rpymmosBoe peryupoBaHHe arperatoB ]23C, cucTtema KoTOporo 
oOxKHa OOeCHeUHBAaTB: 

a) ylpaBseHHe sHOObIM UMCJIOM arperaTOB faHHOoH TOC, Kak eHHbIM 
arperatToM; 

6) pacpeyenmeHue NOpOBHy Harpy3KH MexK]y OTJICJIbHbIMH arperaTamMH 
HIM NodfepyKahHve PaBeHCTBA OTKPbITHH HalNpaBJIAIOWIHX allnapatos; 

B) aBTOMaTHY¥eCcKoOe H3MeHeHHe Harpy3kH TSC B COOTBeTCTBHM Cc NOJIO- 
*KCHHEM CielWHaJIbHOrO 3aaTYHKa MOULHOCTH; 

Tr) BOSMOXKHOCTb paboTh BceH TOC c ocratomtelica HepaBHOMepHOCTbI, 
BeEHYHHAa KOTOPOH MOKeT H3MeHATHCA C NyabTa TSC; 

n) oOO6echeunBaTb BO3MOMKHOCTb C TOMOMLbIO 3afaTYHKa MOULHOCTH peaJH- 
3alUHH BO3JeCHCTBHA pa3JIHUHbIX CHCTCMHBIX peryJIATOPOB, Y4HTHIBaIOULHX 
Ppa3IH4UHbIe 9KOHOMHYeCKHe (PakTOPh!, NEPETOKH MOLLHOCTH NO JIMHHAM Hepexay 
H T. 1. CyeqoBaTebHO, Np TpyNNOBOM peryJIMpOBaHHN 3afaua ynpaBeHun 
THIPpOTYpOHH BHAOM3MeHAeTCA HW PacilHpsAeTcaA. 
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ONeKTPOrHaApaBAMYecKHH peryatop KoHCcTpykuHH JIM3 coctout u3 
rHAPOMe€xXaHH4eCKOH KOJIOHKH YIIpaBJIeHHA H liKada 2/1IeKTpoobopyoBaHHaA, 
KOTOPbIe€ YCTaHaBJIMBaloTcA B MAlHHHOM 3aJie. BHyTpu wuikKada pacnoumoxena 
TOJIbKO 3JIEKTPH4eCKad YaCTb pelryATOpa, a BHYTPH KOJIOHKH ynpaBseHuaA — 
ruqpomexanHuyeckHe ycTponctTsa. PerysaTop o6ecneunBaer aBTOMATHYeCKy10 
paOoty rHypoarperata B pexKHMAaX: XOJIOCTOrO XOJa, H30MpOBaHHOH pa6orTur, 
paOoTbl Ha OOulyIo ceTb HM TpyNMoBoro perysIMpoBaHHA. 

OT cnelvaIbHOrO TaxoreHepaTopa MOUIHOCTHIO OKONO 100 ea, CcBA3aHHOrO 
C BaJIOM arperaTa, Ha H3MepHTeJIbHbIe SIEKTPpHY4eCKHe enw perymAaTopa no- 
waeTca MepeMeHHbIM TOK c YacToTOH 50 nep/cex. IIpu H3MeHeHHH CKOpPOCTH Bpa- 
WlCHHA arperaTa H3MeHHAeTCA YaCcTOTa TaxoreHepaTopa, BCJIeEACTBHe ero cie- 
WHabHOe BIEKTPHYeCKOe BLIABHTCIbHOe YCTPOHCTBO, pearupylorlee Ha KOVIe- 
OaHHe YaCTOTHI, BbINaeT BICKTPHYeCKHH CHIHa COOTBETCTBYIONIErO 3Haka. 
Tlocie POpMHPOBaHHA HU YCHJICHHA STOT CHTHaJ MOCTyMaeT B 3IEKTPOMeXaHHye- 
CKHM HCNOJIHUTeIb, rye mpeoOpasyerca B MeXaHHueckoe TlepemelileHHe, mepe- 
Jaiouleeca ywepe3 CHCTeMy pbIl4aroB NOOYAHTe/bHOrTO 30JIOTHHKa K TIaBHOMY 
‘SO/JOTHHKYy peryatTopa. [lepememlaacb H3 cpeqHero NOJIOKeHHA Ha BeEHUHHY, 
NpONOPWHOHAJbHY!O BEJIMYHHE JIeCKTPHYeCKOLO CHrHadla BLIABHTeJA, PI@BHblit 
30JIOTHHK MepellyckaeT MaCJIO NO TaBJIeHHeM B IOJIOCTH CepBOMOTOpa HallpaB- 
JAtoulero allmapata TypOuuEl. JIomaTKH HallpaBJiatoulero annapatTa noBopa- 
4YHBaIOTCA B TY HIM ApPyrylo CTOPOHY B 3aBHCHMOCTH OT 3HaKa 3ICKTPHYeECKOTO 
CHrHaJlla BbIABHTeAA. 

Mexauynueckan OO6paTHad CBA3b MepesaeT JBHKEHHE NOPILIHA CepBOMOTOpA 
Ha BaJl BbIKJIOUATeJIA, PAaCMOJIOHKeHHOPO B perysiAaTope. OT Bana BbIKMMOUaTeIA 
ABM2KeHHE NepefaeTca Ha IEKTPHYeCKHe AaTUHKH (TIOTEHILHOMeETPhI), KOTOPbIe 
o6ecneuHBaiwT jeHcTBHe CeNyIOUNXx SKTPHYECKHX SJIEMEHTOB = CACTEMbI 
peryatTopa: 

1) H30QpoMHOTO MeXaHH3Ma, onNyckKaloulero UW3MeHeHHe BpeMeHH H30- 
JIpOMa HW HHTCHCHBHOCTH ero JeHCTBHA B WIHPOKHX Npewetax WH aBTOMaTHYeCKH 
nepeHacTpanBaiomleroca MpH mepexoye Cc peskHMa XOJIOCTOrO xOa Ha peKHM 
paOoTh nod Harpy3kKoH, u Hao6opoT; 

2) MexaHH3Ma OCTalolleHca HepaBHOMepHOCTH, BeJIMYHHAa KOTOPOH MOXeT 
H3MeHATLCA B Wpesemax oT 0 no 10%. 

3) M€XA@HH3Ma H3MeCHeEHHA YNCa OOOPOTOB, MO3BOJIAIOWeErO YiIpaBJIATb 
BCENHYHHOH Harpy3KH arperata, a TaKKe CHHXPOHH3HPOBATb efO IPH BKAJIO- 
YeCHHH B C€Tb; 

4) cHCTeMbI yipaBJleHHA MOILHOCTHIO HH OTKPbITHA TypOuH pu rpynno- 
BOM peryJIHpOBaHHH. 

C BaJIOM BbIKJIOUaTeIA PeryAATOpa CBA3AH M€XAaHH3M OFpaHHueHHA OTKPHI- 
THA HallpaBJAlolulero allapata TypOuHb. PewetHaa sleKTpHyecKkanH 4acTb 
peryatopa o6ecneunBaeT ObICTpylo ero NepeHacTpoHKy Np H3MeHeEHHH pexku- 
MOB paOoTHI arperaTa. QvekTponmuTaHHe peweHHOH 4aCTH OCYIeCTBJIAeTCA 
oT cereH 220 6 NOCTOAHHOFO HW MepeMeHHOLO TOKA. 

Ilyck, ocTaHoBKa, pydHoe yupaBseHne HM OrpaHHyeHHe OTKPbITHA arperata 
OCYIIECTBIAIOTCA JIHCTAHILHOHHO HJM BpyuHyto Me€XaHH3MOM OrpaHHdeHHA 
OTKPBITHA. 

B wkady sekTpooOopyoBaHHA 3/IeKTPpOrHApaBsH4eCKOro peryasatopa 
Tuna SIP u SIPK pasmemenb caeqyloulve 3/IeKTpHy¥eckHe ycTpoucTBa: 
6JIOK BbIABHT@JIA, M€X€HH3M H3MCHeCHHA UYHCa OOOPOTOB, O610K pee, O0K 
3allHTbl, OJIOK TpaHCthOpMaTOpOB, a TaKxKe 3afaTYHK MOLMLHOCTH — ycTpoH- 
CTBO JWIA Tpynnosoro peryazupoBanua. kad s1ekTpoo6opys0BaHHuA CBA3aH 
9JIEKTPHYeCKHMH KaGesIAMU C KOJIOHKOH ypaBJIeHHA peryAATOpa, a TaK*Ke CO 
WIHTaMH HM MyJIbTOM yupaBseHnua TOC. 

B 6J1I0K BbIABHTe@JIA BXOJAT: YCTPOHCTBO JIA H3MepeHHA CKOPOCTH Bpalile- 
HHA arperata, 3IEKTPHYeECKHH H3O0APOM, PasO4yBCTBHTCJIbHbIN BbITIPAMHTEJb, 
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3JIEKTPOHHbIM YCHIHTeIb, TPpaHcpopMaTOpbl WIA BBOa H CYMMHPOBaHHA 
S9JIEKTPHYECKUX CHIHAJIOB, YCTPOHCTBO 3aaHHA OCTAaOWleHCA HepaBHOMepHoO- 
CTH, YCTPOHCTBO JVJIA OCYILeCTBICHHA Tpynnosoro peryupoBaHHA H Op. 
Bul0oK BbIABHTeIA BbIpPaObaTHIBaeT JIeCKTPHYeCKHH CHIHa peryvIMpOBaHHA 
(paccorlacoBaHHA TOKOB), MpONOpIHOHAJIbHbIH NO BeIHYHHE H HalpaBJIeHHIo 
MepeMellleHHA 3O0JIOTHHKAa peryJatTopa. 

BsoK pele HU GJIOK 3allHTbl COCTOHT H3 DJIEKTPOMArHHTHBIX pee, oOecneuH- 
BalolluxX BCe ABTOMATHY¥eCKHe OlepallwH ylpaBJIeHHA TuApoarperaTom pH 
ycKe, OCTaHOBKe H H3MCHEHHH pexKuUMa paOOTH! H 3aLlHTy ero B Culyuae Hapy- 
W@HHH HOPMaJIbHOH paodorHt. | 

BaoK TpaHchopMaTOpOB cOAepKHT pA TpaHccsopmMaTopoB, HeOOXOAHMBIX 
WIA pasqeeHHA WeneH JIEKTPONHTAaHHA BJIEKTPHYeCKOH CXeMbI H NOJYYeHHA 
ONpeNeJICHHbIX BeJIMYHH HalpAKeHHA. 

B 3IeKTpOrHApaBJIHYeCKOM peryATOpe, B OTMH4He OT OOBIUHEIX MexaHH4e- 
CKHX peryJIATOPOB C WeHTpoOexKHEIM MaATHHKOM, Bce PYHKIWMH, CBA3aHHBIe 
C H3M€HEHHeM CKOPOCTH BpallleHHA arperata, CO34aHHeM H3O0APOMHOH *KecTKoH 
o6paTHo cBA3H, BO3eHCTBHEM M€XaHH3Ma H3Me€HEHHA OOOPOTOB HW CYMMHpoBa- 
HH€M CHIHaJIOB peryJIHpOBaHHA, BbIMOJHAIOTCA SJIEKTPHYeCKHMH YCTPOH- 
CTBaMH. | 

CyMMapHbIH 3JIeEKTpHueCKHH CHTHaJI B BHe paccoriacoBaHHA AByX TOKOB 
BOSeHCTBYe€T Ha 3JIEKTPOMeXaHHueCKHe HCHOJIHUTeIbHbIe yCTpovicTBa (ucnou- 
HHT@JIb), THe OH MpeoOpa3syetca B NPONOPWHOHAbHOe MeXaHHyeckoe Tepe- 
MelieHHe BbIXOJHOTO UWITOKAa HCHOJIHUNTeIA. SaTeM STO MepeMeLeHHE C MOMOLLbIO 
HeECKOJIbKHX CTyNeHeH THApaBMNYeCKOTO YCHIeHHA (30JIOTHAK—CepBOMOTOp) 
YCHJMBaeTCA JO BeEJIMYHHbI, HEOOXOAHMOH AIA MepeMelleHHA HaNpaBJIAIOWlero 
ammapatTa TYpOHHBI. 

OcHOBHbIM JOCTOHHCTBOM 2JIEKTPOrHApaBJIHYeCKOTO peryJATOpa ABJIAeTCA 
TO, 4TO eFO CHIHaJIbI peryJHPOBaHHA (OT H3MepHTeJIA CKOPOCTH, H30ApOMHOro 
YCTPpOHCTBa, OCTAIOLWeHCH HepaBHOMepHOCTH, MeXaHH3Ma H3MeHeHHA HCA 
O6OpoTOB HU Ap.): Nomyyaembple B BHAe BWIeCKTPHYeCKHX HallpAKeHHH, OUeHb 
yHOGHO CYMMHPOBaTb B J110O0H NPONOPUHH Mex Ly cooon Hc APYFrHMH JeKTPH- 
YeCKHMH CHrHAalaMH; OT yCTpOHcTBa rpynnoBoro peryHpoBaHHa TOC, u3Mme- 
pHTejeH WapaMeTpOB BOAOTOKA, MepeTOKa MOULHOCTH NO JIMHHAM QIeEKTponepe- 
wad HW ApPyrHxX CHCTeEMHbIX peryJATOPOB, HAXOJAULNXCA BHE BIeCKTPOrHApaBuiH- 
yeckoro peryJATopa. 

Ha puc. XI1.14 noka3aHa 9eKTpHyecKand CX€Ma M€XAHH3MOB BbIABHTeJA 
peryaTopa, TaxoreHepaTopa H HCHOJHUTeIA. 

MsmeputTeib ckOpocTH BpalmeHua. JleHCTBHA H3MePHTeJIA CKOPOCTH Bpa- 
WWeGHHA THApoarperata OCHOBaHO Ha H3MeCHeHHH CONPOTHBJIEHHA NepeMeHHOMY 
TOKY KOHTypa LC (coeqHHeHHbIX NapaeJbHO KOHJeHcaTopa C, u Apocceaa Ly) 
B 3€BHMCHMOCTH OT YaCTOTbI 3TOTO TOKAa. 

B cBA3H C TeM, YTO TAXOreHepaTOp, CO3MalOlluH TOK B IemuH KOHTypa LC, 
CBA3aH C BaJIOM TuApoarperata, ero YaCTOTA IpOMOPWHOHAaJIbHa CKOPOCTH Bpa- 
WeHHA. BeqHuHHbpl C, u L, BbiOpaHbl Tak, 4TO pH yacToTe 50 ey, COOTBeETCTBY- 
jolleH HOPMA@JIbHOH CKOPOCTH BpallleHHA, B KOHType HacTyNaeT pe30HaHc. 
B pexkume pesoHaHCa COMNpOTHBJeHHe KOHTYPa pe3KO BO3pacTaeT (B HeaIbHOM 
cayuae — lo OecKOHeYHOCTH) MH TOK Yepes HeTO HpakTH4eCKH He MpOXOMHT. 

IIpH yBeqHYeHHH WJIM YMeHbIIeCHHH CKOPOCTH BpalileHHA KOHTyp Mpony- 
CKaeT COOTBETCTBEHHO @MKOCTHBIH WIM HHAYKTHBHBIA TOK, MpOMmOpuvOHaJIb- 
HbiH 110 BeEJIMYHHE OTKJIOHEHHIO CKOPOCTH. OTOT TOK 3aTeM CYMMHpyeTcaA C Apy- 
rHMH CHrHaaMH peryJIMpOBaHHA, BbITIPAMJIAeTCA Pa3sOUYBCTBHTEJIbHbIM BbINpA- 
MHTeJIeM, YCHJHBaeTCA H MOMaeTcA Ha HCIOJHUTEJb. 

BbIXOXHOH IWTOK HCIOJHUTeIA CMelaeTCA B COOTBETCTBYIOLLYIO CTOPOHy 
H MOcpeACTBOM rHApoMexauunyeckoH YacTuH SIP npou3BoAHT H3MeHeHHe OTKPHI- 
THA TYPOWHBEI. 
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QiekTpHyeckHH H30Rpom. JieHcTBHe 31eKTpHYeCKOrO H30ApOMa OCHOBaHO 
Ha cBOHcTBe wenu rC (cOeHHeHHBIX NeceOBaTeJIbHO KOHAeHCaTOpa C, 
HW HaOopa COMPOTHBJICHHA fy—F og) IPONYCKaTb 3apAAHbIM WIM paspAAHbIN Tok, 
KOTOPbIH MOcJe H3MeCHEHHA TIPHJIOKeHHOFO HallpAKeHHA MOCTeNeHHO yYMeHb- 
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Puc. X11.14. SQnekrpHyeckaa cxemMa BbIABH- 
TeIAH, TAXOreHepaTOpa H HCMONHHTeIA 371eK- 
TPOFHAP aBHYeCKOrO: peryaATopa 





VES 


CI hhh 


miaeTcd O HYJIA MOAOOHO TOMY, KaK BO3BpallaeTcA B CpeqHee Moo xKeHHe 
NOpweHb MaCJIAHOrO KaTapakTa Nlocjle H3MCHEHHA MOMOMKeHHA efO CTaKaHa. 
HanpsxkKeHHe, moyBoqumMoe K wenu rC oT MOTeHWMOMeTpa (He MOKa3aH 
Ha CXeMe), H3M€HAeTCA B COOTBETCTBHH C H3MCHCHHEM OTKDPBITHA TYPOHHBEl, 
TaK KaK TIOTCHILHOMeTP CBA3a8H C BaJIOM BbIKWOUaTeIA peryAATopa. 
Pa304yBRCTBHTeIbHbIM BbINPAMHTeb. DasOUyBCTBUTeIbHbIM BbINpPAMH- 
TeJIb CJLYKUT JIA NpeoOpa3s0BaHHA CHrHaJOB NepeMeHHOLO TOKA, IOJlyYaeMblx 
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OT H3MepHTesIA CKOPOCTH BpaweHHA (KOHTyYD LC) nOTeHWHOMeTPOB ocTatw- 
WleHCa HePpaBHOMepHOCTH, MeXaHH3Ma H3Me€HEHHA UHCa OOOPOTOB Hu Op., 
B CHIHaJbl NMOCTOAHHOFO TOKA COOTBETCTBYIOULeH BeIHUHHbI HW HalpaBleHua. 
OTH CHTHAJIbI MOCTOAHHOFO TOKa 3aTEM YCHJIMBalOTCA JJIEKTPOHHbIM YCHJINTEe- 
jieM. Ma304yBCTBHTeIbHbIM BbINPAMHTeb COCTOHT H3 BBINPAMHTeJIbHbIX MO- 
cTHKOB B, u Bz, coOpaHubix W3 KpHcTadHyeckux WuOROB JIT-L27 (17k) 
H BbIXOAHOrTO TpaHcdopmMatTopa Tp,. OnopHoe HallpaAxKeHHe NOMaeTcA OT cre- 
IHaJIbHbIX OOMOTOK TpaHcdopMmatTopa Tp,. B wenw 9THX OOMOTOK BKJIIOYCHHI 
COINPOTHBJICHHA fs HW fy, OTPAHHYMBAIOUve TOK Yepes AHOAbI. CurHad Mepemeu- 
HOTO TOKa, NOABOAHMBIM kK NepBHYHOK OOMOTKe TpaHcdopmatTopa Tp,, co3yaer 
MexKLy cpelHeH TOUKOH BTOpH4YHOH OOMOTKH TpaHcdopmatopa Tp, u obulei 
TOUKOH OOOHX BbINPAMHUTeIbHbIX MOCTOB COOTBETCTBY!Ollee Hallps»KeHHe N0- 
CTOAHHOTO TOKa (BbITIPAMHTe@IbHbIH CHrHasi). BbINpAMUTeJIbHbIM CHrHa no- 
ylaeTcA Ha BXxOy 3€KTPOHHOTO YCHJIMTeIA (Ha OHY H3 CeTOK oeKTPOHHOH 
JlaMMbl). 

JACKTPOHHBIM YCHIMTeIb. YCHIMTEAb CIYKUT WIA nomyyenua jlOcTaTou- 
HOTO 3JIeEKTpH4YeCKOrO CHrHaJla (paccormacoBaHve TOKOB) Ha BbIXOMe BbIABH- 
Tein. YCHIHTeIb cOOpaH No ANdpepeHwHa/IbHOH CxemMe Ha JlamMme (ABOHHOH 
Tpvon) JI,. Tlocmegquue KoucTpyKkuHH OP, Hanpunep, OTPM — pa6oTat1oT 
Ha MarHHTHbIX YCHMTeIAX. 

YcTponcTBO ocTaomelca HepaBHOMepHOCTH. na BOSMOXKHOCTH pa6orTbl 
rufpoarperata mo cTaTHuecKOH xapakTepHcTuKe B SIP umeerca ycrpolicrso, 
cocTosinee 43 Tpex moTeHmHomeTposB. Ilom3yHoK OAHOrO NOTeHILHOMeTpa CBA- 
3aH C MOplineM rviaBHoro cepBomoTopa. HampsaxeHve Ha KOHWAaxX Apyroro 
MOTCHILHOMETPa TIPOMOPWHOHAAbHO XOAY STOFO NOPWHA MH OH TakKe CAYKUT 
J@IUTeIEM HalpA2XeHHA, C MOMOLLbIO KOTOPOrO MOXKHO H3MeCHATh BEJIMYHHY 
OCTaIOLLeHCA HepaBHOMepHOCTH OT HYyJIA WO MakcuMyMa. Hanpsxkenne, cHH- 
M4eMOe C J@JHTeEIA, MPONOPWHOHAIbHO JeHCTBHIO OCTalOMleHcA HepaBHOMep- 
HOCTH, Jasiee CYMMHpyeTcH C APyrHMH CHIHaaMH peryJIHpOBaHHA, YyCHJIH- 
BaeTCA H OKa3bIBaeTCA COOTBETCTBYLOllee BO3TeHcTBUe Ha DIP. 

Mexanu3mM w3mMeHeHHA 4NCAa OOOpoToB. MexaHH3M H3MeHeHHA “HCIa O60- 
POTOB H3MeCHAeCT OTKPbITHe HallpaBAAwillero alnapaTa TypOHHBI C MOMOLLbIO 
CHelWHaIbHOFO MOTeHILHOMeTPa, KOTOPbIH CHaOKeH BICKTPOMOTOPHBIM UH CéeJIb- 
CHHOBbIM TIPHBOJOM H 3JIEKTPOMarHHTHOH MYy@TOH WIA HX NepeKJNOUeHHA. 

IIpu pa6ote ruapoarperata B pexkKHMe HHAMBHAyabHoro peryAHpoBaHHA 
MOTCHILMOMeTP CBA3@H C 3JIEKTPOMOTOPHbIM NPHBOJOM HU IIpHBOAHTCA B JeH- 
CTBHE C MOMOMIbIO KHOMNOK, PaciO/JIOKeHHbIX Ha MyibTe ynpaBaenna TOC. 

B pexuMe rpynnmoporo peryJHpoBaHHA MydTa aBTOMATHUeCKH OTKJIO- 
yaeT ICEKTPOMOTOPHHIH MpuBOA HW MOAKMOUaeT CeJIBCHHHbIH MpHBO (CeJIbCHH- 
MIPHEMHHK), C NOMOILbIO KOTOPOrO NOTeHILHOMeTP CET 34 OTKPbITHeEM TYp- 
OHHbI, TaK KaK C@JIbCHH-2aTUHK CBA3AH C BaJIOM BBIKJIIOUAaTEJIA. 

UAcnoanntenb. McnovIHHTeIb ABJIACTCA SIIEMCHTOM COIIPAKEHHA IJICKTPH- 
gecKOH H rupoMexaHnaeckon yactu OTP. Diektpuyeckanw wacTb MCNOJHUTeIA 
mpemcTaBner coOok MarHHTOSeKTpHuecKkylo JaMIly, MeHcCTBHe KOTOpOH 
OCHOBAHO Ha BbITaJIKHBaHHH KaTyIUKH, OOTeKaeMOH DICKTPHYeCKHM TOKOM, 
M3 MarHHTHOTO MOA, CO32aBaeMOrO TMOCTOAHHbIM MarHuTom. I|lepemMetjeHHe 
KaTYIIKH BbIZOBeT MepeMelileHHe KOJNa4Ka HeOO/bINOTO THApaBsIMuecKOro 
30JIOTHHKa HW BbIXOAHOTO WITOKAa HMCNOMHHTeIA. 

[uapoMexaHuuecKad YaCTb ONMCHIBAeMOTO PeryJIATOpa NOKasanHa Ha CxemMe 
puc. XII.15. 

OJIEMeHTHI CXEMbI H300pPaxKeHb! B NOMOKeCHHAX, COOTBETCTBYIOWIUX Cy4alo 
yCTaHOBHBWerocd pexXHMa Ip aBTOMATHYeCKOM ylIpaBAeHHH arperaToM, KO- 
TOPOe OCYIIECTBIAeTCA Yepe3 HCHOMHUTEJIb 83 u 41. PykonatTKa 35 oTK04UeHHA 
HCHOJHHTeIA MOBeEpHYTAa B MOIO%KeHHe «aBTOMaT». B 3TOM CJIyyae MacJIO TOL 
aBJIeHHeM OT HanOpHoro nmaTpyO6Ka riaBHOrO 30J1I0THHKa 9 4epe3 BeHTHIb 27 
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HW PHIbTp 28 NocTyMaeT B NOMOCTh NOX Nopwenb 34 u, MpOHAA Yepes Apoccerb, 
nmocTynmaeT TakxKe B NOJOCTh Hay, Nopiinem 34. 

BelMunHa AaBJICHHA B MOJIOCTH Haj, NopwiHeM 34 3aBHCHT OT NOOMKeHHA 
Koumauka 42 OTHOCHTeCAbHO TOJIOBKH WTOKa NopmHA 34 MCNOAHUTeIA, Tak 
Kak KOJIMa4OK MepeKpbIBaeT paqva/lbHoe OTBepcTHe B MITOKe, IO KOTOpOMY 
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Puc. XIJ.15. [Tuagpomexanuyeckan cxemMa deKTpOrHApaBMHYecKOrO perysATOpa 


MaCJIO H3 NOJIOCTH Hajl NOPIHeM NpoteKaeT Ha c1HB. Ilopmenb 34 Aucdepen- 
WHaJIbHbIH, NOSTOMY CHJIbI, AeCHCTBYIOWve Ha NOpwieHb, ypaBHOBelIHBaloTcA 
Tora, KOra BeIHUMHbI TaBJIeHHH cBepxXy HW CHH3y NOpWwHA OOpaTHO Nponop- 
IHOHAAbHEI erO MMOWLAaAM. : | 

IIpu noybeme HAM ONycKaHHH KOJINauKa 42 6yeT COOTBeETCTBeEHHO NOJHH- 
MaTbCA WH OlycKaTbca Hopwuienb 34. Komnayox 42 *®ecTKO CBA3a8H C DIEKTPO- 
M@arHHTHOH KaTyuIkKoH 37 MarHuTOdIeKTpHuecKOorO mpeo6pasopatena 36, 
NOABeIIeHHOH Ha. peccope 38. KaTymika 37 HaxOMHTCA B NOCTOAHHOM Mar- 
HHTHOM MOJle, MOSTOMY NpH MpoxoxKAeHHH deKTpHYeCKOrO TOKa (CHrHa 
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pery/IHpOBaHHA OT BLIABHTeJIA) B ee OOMOTKAX OHA OyeT NepeMelllaTbCA BMECTE 
Cc KOJIMadKOM, 3a HHMH Oyler cesOBaTb ITOK NOPWHA UH Yepes pbIuar H pac- 
nop 3/ OyfeT NepemellaTbced Hrvia NO6yLHTeIbHOrO 3000THHKa 30. [lo6yauTenb- 
HbIM 3O0JIOTHHK 29 nlowaeT Macvio K nopmHio // BCNOMOraTeJIbHOTO CepBOMO- 
TOpa, CBA3SAHHOTO C TvlaBHbIM 30J0THHKOM JO, HW NepemMecTHT NOCMeAHHH Ha 
OTKPbITHe HH 3aKpbITHe. BpemMaA xojla cepBoMOTOpa HanpaBJIAlollero arma- 
pata Ha 3aKpPbITHe HM OTKPBITHe, BeIHYHHA XONOB TulaBHOoro 3070THHKa 10 
peryupyrotca rawkow /2 BHH3 — Ha 3aKpbiTHe HW GovlTom 1/4 BBepx — Ha 
OTKPBITHe. | 

MlocaeOBpaTeIbHOCTh AeHCTBHA peryantopa. Ecau, Hanpumep, mpons0nyzer 
cOpoc Harpy3KH H MOMeHT JBHXKYULHX CHJI TYPOHHbI OKAKeTCA OOVIbIIe MOMEHTA 
CHA NOJe3HOrTO COMPOTHBAeHHA TeHepaTopa, CKOPOCTb BpallleHHA arperata 
HauHeT BOSpacTaTb. M3MeHHTCA 4acTOTa TOKa TaXOreHepaTOpa MKeCTKO CBA3ZAH- 
HOrO C pOTOPOM arperaTa. DQIeKTPHYeCKaA YACTb PeryJIATOPA COOTBETCTBEHHO 
H3MeHHT TOK B KaTyllike HCNOJIHHTeJIA WH BbIZOBeT ee MepemMelleHHve BHHS. Ilepe- 
MeCTHTCAH BHH3 H MOPiWeHb BCHOMOFaTeJIbHOTO Ce€pBOMOTOpa HCIOAHHTeIA. 
[Ip 9TOM paBbih KOHeIL pbl¥ara ONycTHTcA H Yepes pacnop 3/ NoBepHeT 
pprar 7/5 BOoKpyr eBoro wapHupa. Mraa 30 no6yAuTebHOTO 30J1I0THHKAa TOKE 
ONYCTHTCA H NOMACT MaCJIO B NOMOCTb NOpwHA cepBomoTopa /], KOTOpHIH 
CMECTHT BHH3 TeO 30JIOTHHKa. OJHOBPeMeHHO OyjeT ONYCKaTbCA JICBbIH KO- 
Hell pbluara 75, KOTOPbIM NOBOpauHBaACch BOKpyr HMMHETO KOHILa pacnopa, 
BepHeT HIvly 30 B CpeqHee NOOKeHHe, MPH JTOM MpeKkpaTHTCA Nosaya Macwla 
NO TaBJIeHHeM K BCHOMOraTejbHOMy cepBomoTopy //. JIBHxKeHHe TeJla 30JIOT- 
HHKa BHH3 npekpatutca. UYepe3 okuHa B OyKCe rlaBHOrO 30JIOTHHKAa 9 MacJioO 
NOCTYNHT B MOJOCTh Ce€pBOMOTOpPa Ha 3aKPbITHe HalipaBJAloWlero alinmapara. 
IlpH TBYXKeHHH HallpaBAIOUlero annapaTa Ha 3aKPbITHe C HHM MOBepHyTCA 
yepes OOpaTHy!o CBA3b 24 Ha HEKOTOPHIH yrou pbruaru 6 Hu 7. Bmecte c HUM 
nmepemecturca pbiar /3 u yYepe3s3 HaTHHYyTbIe TpocHt 6 u 4 NOBepHyTcA MOWJI- 
3YHKH MOTeHUHOMeTpa 5 MeXaHH3Ma OOpaTHOH cBa3H 2 u 8. IIpH 3TOM 21eKT- 
pHueckHe CHIHaJIbI OT NOTEHILHOMeTPa 0 HalpaBJIAIOTCA K BbIABUTeIIO, OTKya 
nocie CYMMHPOBaHHA, CPOPMHPOBAaHHA UW YCHMeCHHA NMOCTYMAaIOT Ha KATYIUKY 
HCNOJHHTeIA 37, TepeMelllad ee BBeEpX, 4TO IIPHBOAUT K MepeMellleHHIO BBeEpx 
HIJIbl MOOYAHTebHOTO 30N0THHKA. [Ip 3STOM NOJIOCTb Haj, NOPIIHEM BCIIOMO- 
raTeJibHoro cepBomotTopa J/ COe€eAHHUTCA CO CJIMBOM HM TevIO 300THHKa JO nojz- 
HHM€aeTCA, NepeKpbIBad JOCTYM MacJla NO WaBJICHHeM K TOJOCTH CepBOMOTOPOB 
HalipaBJIAlowlero aniapata, WH ero JBHKeHHe pekpatTutca. PeryaupyrouluH 
OpraH TYPOHHbI NpHerT B COOTBETCTBHE C HOBOH Harpy3kKOH Ha arperaT. B no- 
CJIEeHHHX KOHCTpyKUHAX OI P BMecTO NOTEHILHOMETPOB O IIPHMEHAIOTCA C@JIbCHHBI. 

JieicTBHe MeXaHH3Ma OrpaHMueHHa OTKPbITHA. MexaHH3MOM 28 NOJIb- 
SYIOTCH MPH HeOOXOAHMOCTH OFpaHHYeHHA MOHOCTH TypOuHbI. Jia sToro 
yCTaHaBJIHBalIOoT B COOTBETCTBYIOMLee MOJOKeCHHE MeEXAHH3M OFpaHH4eHHA OT- 
KPbITHA, YMpaBJIeHHA KOTOPBIM OCYLIeCTBJIAeTCH BDYYHYIO MaxOBHUKOM 16 
HOO JHCTAHIWMOHHO Yepe3 BIEKTPOABHraTelb 22. 

Bpallenve BaJIWKa Yepe3 CIMpaJbHylo 3y6uaTylo Tlapy mepemaeTcaA Ha 
BHHT, KOTOPbIH BPallladcb, MepeMeCTHT BBEPX HH BHH3 raliky, HallpaBssae- 
MylO WMOHKOH. IlepemenjeHue TraHkKH COOTBeTCTBeEHHO H3MeCHHT TMoOmOKeHHe 
JI@BOTO KOHIa pblyara 25. IIpu zeticTBuH MexXaHH3Ma OrpaHHYeHHA OTKDPBbITHA, 
HanpHMep, Ha YMeHbIMeHHe OTKPbITHH HanpaBJAlomlero almapata, JeBbIL 
KOHEL pbluara 25 ONYCTHTCA, Ip 3TOM ONYCTHTCA H CpeHAA TOUKAa Hay pery- 
JIMPY!IOULHM BHHTOM 26, 4 TeM CaMbIM OyjleT OrpaHHueHo NepemenmleHue Urb 3O 
NOOYAHTeAbHOrO 30JIOTHHKa Ha OTKpbITHe. MexaHH3MOM OrpaHH4eHHA OTKPHI- 
THA MOMKHO IIOJIHOCTbIO 3aKPbITb HallpaBJIAIOULHH almapatT, WIA 3TOTO Hao 
JI€BbIH KOHeIL pbluara 259 ONYCTHTb BHH3 Ha MAKCHM@JIbHYyIO BeJIMUHHy, MpH 
3TOM CpeqHAA TOUKA pbiuara 25 uepes BHHT 26 ONYCTHTCA HpPaBbI KOHEIL 
pbiuyara /5 uw cMecTHT uray 30 NOOyAUTeJbHOrO 30J1I0THHKAa BHH3 Ha 3aKpbiTuHe. 
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CremeHb 3aKPbITHA HallpaBJAlolwlero allnapaTa 3aBHCHT OT BeJIHUMHbI 
ONyCKaHHA JIeBOrO KOHILa pbldara 25. ONyCTHBIUHCbh Ha HEKOTOPy!lo BeHUHHYy, 
urma 30 3acTaBUT OMYCTHTCA Ha COOTBETCTBYIOWYIO BEJIHYHHY HW TeNO 30JI0T- 
HukKa 10. Sto NpuBexeT K ABHKEHHIO HallpaBJIAlollero allapata Ha 3aKpbiTHe, 
BCI€AcTBHe 4eroO MOBeEpHyTCA B CTOPOHY 3aKPbITHA Bad BbIKMOUaATeA H PbI- 
yar 32, urma 3O NOMHHMeTCA HM BepHeT TesIO 3010THHKa /0 B CpeaqHee Tlom0*Ke- 
HHe. | | 

Tloka3aHHble Ha CXeMe KOHCYHBIM BbIKUOUaTeIb 20 U NyTeBOH Nepeksi04da- 
Teib 2/ CAYKaT [JA BHIKJIOUCHHA DIEKTPpOABHTaTeA 22 IPH mycKax H OCTa- 
HOBKax TypOuHBI. 

B jaHHol KOHCTPyKUMH peryJATOpa MexaHH3M orpaHMueHna OTKPbITHA 
HCHOb3yeTCA Kak NYCKOOCTAHaBJIHBAalOlleecA YCTPOHCTBO. | 

MexaHu3M OrpaHHueHHA OTKPbITHA MMeeT CTpeKy 1/9, KOTOpan BbIBeAeHa 
Ha laBHbId yKa3aTelb WH NOKa3bIBaeT BeJIMYHHY OMyCKaeMOro OTKPbITHA 
HanpaBJsroulero annmapata. [aaBHbiit yKa3aTelb /7 CBA3aH C BaJIOM BbIKJIIO- 
yaTeta Tpocom 4. Ilostomy cTtpeika /8 noka3biBaeT akTHUeCKOe OTKPbITHE 
HalpaBJsioulero annmapata. Ha cxemMe noKa3aH 391eKTpoTaxomeTp / H MaHO- 
MeTpbl 29, 40. 


5. MACJIOHAIIOPHASH YCTAHOBKA HU BbIBOP OCHOBHbIX TMAPAMETPOB 
CHCTEMbI PErYJIHPOBAHHSA 


MacaoHanopHad ycTaHoBKa CHCTeMbI peryaupoBaHuan (MH Y) cayxut aaa 
o6ecneyeHHA ee MACJIOM MOA WaBJIGHHeM, HEOOXOAHMbIM [WIA NHTAaHHA CepBo- 
MOTOpa HallpaBJIAloOllero almapata, paOouero koeca H BCHOMOraTeJIbHOrO 
o6opyHoBaHua. KownuecTBo 4 JaBaeHHe MacJia B yCTaHOBKe JO/KHO oGecre> 
YHTb TOJHOe peryiHpopanue arperata -B CaMbIX HeOaronpHvATHbIX CTy4aAx 
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Puc. XII.16. THmpomMexanwuecKkaad cxeMa MacJlOHalopHon ycra- 
| HOBKH MHY 


(OHI ‘c6poc M HaOpoc Harpy3KH) Hu HenlocpencTBeHHoe Bele, 3a 3THM 
clelyioulee 3aKPbITHe peryJIHPY!IOWIHX OPraHOB TypOHHbI, 4TO MOKeT oTpe- 
OoBaTbcA B CAy4ae KaKOH-1H6O aBapun. MaciwoHanopHble yCTaHOBKH OObI4HO 
CTPOATCH MO ORHOM CXeMe HW OTAHUAIOTCA JIMIIb pasmMepamu [30]. 

Bn. 3 Np pacCMOTpeHHH B3aHMOJeCHCTBHA OCHOBHBbIX 3JICEMCHTOB CHCTEMbI 
peryIHpOBaHHA OMHCaHO JeHCTBHe MaCJIOHANOpHOH ycTaHOBKH. 

DuapomexaHuyecKkad CX€Ma COBPeEMeEHHOH MAaCJIOHANOPpHOH YCTaHOBKH Iiph- 
BeweHa Ha puc. XI1.16. B sToH cxemMe MaCOBO3AyUIHbIH KoTen 1 yCTaHOBKH 
Nox JaBJIeHHeM, CJlyKallHH AKKYMYJIATOPOM, 3allOJIHEH MA@CJIOM H CKAaTbIM 
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BOSAYXOM, 9HeprHA KOTOpOrO ObecneyHBaeT paOOTy CHJOBbIX OPraHOB Typ- 
OuHbI. Jit KPyNHbIX THApOTypOuH C OOJIbUIHM OObeEMOM MacCJla B CHCTeMe 
peryIHpoBaHHA WpuMeHsetca KoTes 14, 3anOJIHeEHHbIH BO3AYXOM TO AaBue- 
HHeM. OOpaTHbli BO3SAYWIHbIK KlanaH 2 yCTaHOBJeH Ha TpyOonpoBose OT KOM- 
mpeccopa. Ha koTle CMOHTHpOBaH MAaHOMeTp 3 HM pa3HUHbIe NpHOOpbI aBTO- 
MaTHKH 4. Yka3aTeJlb YPOBHA MaCwla B KOTWIe 5 ycTaHOBJeH B Oake 7, ABJA- 
IOWIHMCA pesepByapomM Jin Macuia. Macsio 43 Hero MOJaeTcaA B CHCTeMy pery- 
JIMPOBaHHA H OT Hee BO3BpallaeTcaA B Oak. Ha Oake Take yCTaHOBJIeHbI Ba 
MaCJIOBHHTOBbIX Hacoca 8 H a7eKTposBuratTemu 9. Y Hacoca pacnomaraioTca: 
KianaH oOOpaTHDh JO, KilanaHbl IpeqOXpaHUTebHBIH WH pasrpy3ouHH J/, 
(buIbTp Gaka /2 MH TepMOMeTp compoTHBseHHA J3 WIA YpOBHA Macaa 6. 

_ MacasaHple BHHTOBbIG HaCOCbl BOCCTaHaBJIHBaloT OObeM H JlaBseHne 
MaCJla aKKyMy.1ATOpa. B BOCCTaHOBHTeJIbHOM TIpolecce HOpMaJIbHO y4acTBYyeT 
OMMH paOounl Hacoc, Apyrouw ABJIAeTCA pe3SepBHBIM. 

MacoHanopHbie yCTaHOBKH KOHCTPYKTHBHO OObIYHO BHINOJIHAIOTCA B BHe 
eHHOro arperata, B KOTOPOM Ha MA4CJIAHHOM Oake MOHTHPyeTCH MaCJIOBO3LyIU- 
HbIM KOT@J H HACOCHbIH arperaT c apMaTypouH. 

B nocjeqHee BpeMA eCRHHYIO MaCJIOHANOpHylO YCTaHOBKY pa3eAIOT Ha 
aKKYMYJATOP TaBIeCHHA (MaCJOBO3AYUIHbIM KOTe1) H MaCJIOHACOCHHIN arperat 
(MaCJIAHbIM 6ak C HAaCOCHbIMH YCTaHOBKaMH). Takoe pa3zenreHuve MH Y no3sBo- 
AmeT OoJlee yHOOHO ycTaHaBJIHBaTb OOOPyOBaHHe CHCTeMbI peryJIHMpOBaHHA 
Ha FHApOcTaHwHu: pAAOM, B OTZaJICHHH Apyr OT Apyra UW Ha pa3JIHYHbIX OTMET- 
Kax. B KauecTBe pa6oueH xuAKOcTH B MHY npyumeuaetca TypO6uHHOe Macui0 30 
(LOCT 32—53), HopMaJIbHbIM TeMNepaTyPpHbIM pe2xXKHM paOoTb! B Mpemesmax 
10—50° C. 

MacsoHanopHasd YCTaHOBKa OObINHO MOJIHOCTbIO ABTOMaTH3HpoBaHa. Yupas- 
JIGHHe HaCOCaMH OCYULECTBIAeTCA B MPePbIBHCTOM Pe2KHMe NMOCPeCTBOM pevie 
aBAeHHA, KOTOPOe KOHTpOJIMpyeT WaBJIeHHe B AKKYMYJIATOPe, H B COOTBET- 
CTBHM C 3a0aHHbIMH YCTAaHOBKaMH BbIJalOT ZIEKTPH4eCKHe HMIYVJIBChI Ha Wyck 
HM yCTaHOBKy J1000TO H3 HaCOCoB. 

B cayyae CHW>KeHHA aBJICHHA, MPH KOTOPOM 9KCIyaTalHA ruApotTyp- 
OHHbI H€BO3MOXKHA, YCTaHaBJIMBaeTCA pele MaBJIeHHA, Aarouree CHrHayl Ha 
aBapHHHylo OCTaHOBKYy TYyPOHHEI. 

Ha puce. XII.17 u B ra6a. XII.1 noka3anbI OCHOBHbIe WaHHble H radapurpi 
MHY xouctpyxkunn JIMS. 

Bpi6op peryaanTtopa. Pa3smep perylaTopa onpezenaeTca JWMaMeTpoM ero 
riaBHOrTO pacipesxeNuTeIbHOTO 30J0THHKa. J|WamMeTp 300THHK& OObIMHO 
IIPHHHMaloT PaBHbIM WHaMeTpy TpyOompoBoya, Nosaloulero MacCJIO K CepBo- 
MOTOpy perysuMpyroulero oprava. IIpuH sTom B Mmpomecce peryHpoBaHHaA 
JOJI2KHAa ObITb OOecMeyeHa HEOOXOAMMAA CKOPOCThb JBHKeCHHA peryAUpyrousero 
opraHa. Pacxoa Macula uepe3 MiaBHbIH 30JIOTHHK peryiaTopa onpemeinetca 
cbopMy.10H 


Q, = ne, (XILD) 


rhe Vow = Vowny + Ve. ng —~ CYMMAPHbIH OObEM ABYX CEPBOMOTOPOB HalipaB- 
JAIOWeTO alinapata; 
7,— BpeMA MOJIHOTO XOJja CepBOMOTOPa, KOTOpOe ONpedeAetTca m0 


YCJIOBHAM TapaHTHH peryvJIMpOBaHHA. 
/{MameTp TpyOompoBoya OT rlaBHOrO 30JIOTHHKa K Ce€pBOMOTOPY BbI4HC- 


AAeTCA 110 PopmMyvie a 
4Q5 
Anp = V A&, (XII.2) 


re U, — CKOpOcTb MaCJla B TpyOonpoBore. 
O6bIYHO CKOPOCTb MaCJIa IIPHHHMAIOT B Tipesetax vy, = 4+8 m/cex. 
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CkopocTb DOpmHA CepBOMOTOpPa ONpesesAIOT H3 COOTHOLUICHHA 
| / Ap2g 
Any ? | 
rye Ap — cyMMa TloTepb AaBJICHHH MaCjla Ha MYTH JBHXKeHHA OT KOTJa 
-MaCJIOHaNOpHOH ycTaHOBKH K JIOJOCTAM CepBOMOTOpa; 
A, — MIpHBeyeHuble K Wo0WlaqH NOpmiHA cepBOoMOTOpa KOaspuiHeHTHI 
CONPOTHBJIGCHHA CHCTeMBI. 
Horepro aBJIeHHA MaCJlIa MOXKHO NT PHHHMAaTb B Tipesetax 
Ap = (0,3+0,5) Po, 


re Po — WaBJICHHe MaCJia, KOTOpOe li pHHHMAalOT Ha 2 am HH%Ke HOMHHAJIbHOrO 
AABJICHHA B KOTJIe MaCJIOHaNop HOH YCTAHOBKH. 


(XI1.3) 


co 


Inenmpodbueamenb 


 Burmobou racoc 


Yra3amens 





Puc. X11.17. Ocuosupte 

WaHHbie H Pa3MepLhl Ma- 

COHANOPHEIX yCTaHO- 
BOK MHY 


i puBeqenupli Kooppannent COMPOTHBJICHHA CHCTeMbI OyeT paBeH 
An = Any +Ans +An. rs (AIT.4) 
rae A, , — IpHBeeHHbIi Koappunvent CONPOTHBJICHHA MAaCJIOMNpOBosa; 


n.39 77 UPHBeeHHbIN KOIPDHIUHEHT COMPOTHBJICHHA KaHaJIOB 30JIOTHHKA; 
n. x —~ IpHBeZeHHBIN KOS@DHUHEHT CONPOTHBJICHHA OTCeKarlOlHX KPOMOK 


on0THHKa | 
Ana= Ya(#) (XII.5) 


rye ¢; — KoopPpHILHeHT CONPOTHBJICHHA y4acTKOB MaCJIONPOBOAOB; 
F, — MWIouwlaaqb MNOpuIHA CepBOMOTOpa; 
PF; —nsomaab NonepeyHbix ceyeHHH y4acTKOB MaCJIOMpoBoa. 
JA 3OOTHHKOB, IIPHMCHACMBIX B CHCTeEMAX Per yAHPOBaHHA FHApoTypoun, 
Kospunnent A, , IPpHHHMAaIOT paBHBIM 


An.» 20 ( =), — (X11.6} 


| 
1 
1 
§ 
i 
l 
l 
| 
i 
I 
! 
i 
t 
i 
! 
' 





| nd? 
rye Fy = 7-3; 
d, — WHaMeTp 30JIOTHHKA. 
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_ [Lia MpAMOYFOJIbHbIX, OTCEKAIOWMHX KPOMOK 30J1I0THHKAa a An, x MWPHHHMAIOT 
paBHbIM 


An .~09 (4), (xIn7) 


re S — MaKCHM@JIbHO HCNOJIbSyeMbIH XO 30JI0THHKA. 
B upakTuke rhqporypOocrpoeHua npHHuMaNT: 
JIA 3OJIOTHHKOB ranpabanionins annapaToB 


= Q, ld;; 


ANA 3O0JIOTHHKOB pa6oyuHx KOJIeC 
= 0,15d,. 


PacueT rapaHTHH peryampopanua NOSBOJIAeT OpeeIHTb HeOOxo.HMOe 
BPpeMA 3aKPbITHA CePBOMOTOPA HallpaBAAlollero anmapata 7, nocme c6poca 
Harpy3KuH. Benuunua T, OKasbiBaeT BJIMAHHe Ha CTeNeHb NOBbINICHHA UHCIAa 
o6OporTos poTopa arperaTa, Ha BeAMYHHY BO3pacTaHHA AaBJeHHA BOJbI B Ha- 
nNopHow uacTH Tpy6onpoBoya H NOHHKeHHe AaBeHHA B OTBOAAINeEM Tpy6o- 
npoBpose TypOHHbI. OT BO3MOXKHOFO FuApaBMyeckoro yapa. Mamsoe Bpema 
3aKPbITHA TYPOHHbI OyeT BbISbIBATh HEOOMbIUOe BOSPaCTaHHe 4HCa OOOPOTOB 
nocie c6poca Harpy3KH, HO 3aTO HipHBexeT K 3HAYHTEbHOMY yBeJH4eHHIO 
WaBeHHA B CHMpaJIbHOH KaMepe TypOHHbI. Ecau xe B3ATb CAHIUKOM OO/bIIOe 
BPpeMA 3AKPBITHA HallpaBsAlOWlerO aliiapaTa, TO AaBjeHve B CIM paJibHOlt 
KaMepe 6yeT HeOOJIbIIMM, HO YHCJO OO0poToB MOXKeT JOCTHUb HeEAONYyCcTHMOH 
BeJIHUHHBI. 

PacyeToM rapaHTuit peryIMpOBaHHA ONpeseAIOT BEAHYHHY 7, H 3HaueHHe 
MaXOBOrO MOMeHTa poTopa arperata GD*, oOecneunBalollee NoyueHHe Jony- 
CTHMBIX BeJIH4HH 4HCIa OOOPOTOB UH NOBbIMIeHHe WaBJeHHA B porecce pery- 
JIMpOBaHHA Mocae cOpoca Harpy3KH. 

O6bI4HO B NpakTHKe ruypoTypb6ocTpoenuA NOMYCKaloT NOBbINeHHe YHCIA 
O6OpoTOB Bmax = 30+45%. 


Moppinenve qapnenua § = mar — ae WOMYycKaior: 
II BbICOKOHANOpHEIX TYPOHH H> 100 
§ = 0,15+0,3; 
IA cpeqHeHanopHEIx TypOuH H = 100+40 x 
| & = 0,3~0,5; 
id HH3KOHAaNOpHbIxX TypOHH H < 40 m 
E — 0,5+0,7. 


3aBHCHMOCTb M@XKAY BEIM4YMHOH NOBbILWeCHHA 4MCa OOOPOTOB NpH NOHOM 
c6poce Harpy3KH HM M@XOBbIM MOMeCHTOM C JOCTATOYHOH TOUHOCTHIO onperte- 
NAeTCA MpHOIMKeHHOK CPopMyJIon 


|e | 
p=/p |1-—- — 1 (XII.8) 


rae N — MOILHOCTb Ha Basly ry pOma: 

T,, — BpeMA 3aKpbITHA HalpaBAalollero alMapata OT NOHOFO OTKPbITHA 
JO OTKPbITHA XOMOCTOTO xOJa; OHO OObIUHO H3MePpAeTCA HECKOVJIb- 
KHMH CeKYHJaMH; 

f — Kos@dulnvent, yIHTbIBAaIOWIHH BAHAHWe H3MeHeHHA JeHMCTByIOllero 
Hallopa lipH rHApaBJHYeCKOM yAape; OH 3aBHCHT OT XapakTepH- 
CTHKH TpyOonpoBogza; f = 1,0+1,7; 

fly — 4HCIO OO6OpOTOB B MHHYTY JO U3MeHeHHA Harpy3KH. 
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aa 100% c6poca Harpy3KH: 
WIA palWasIbHO-OCeBbIX TYPOHH 


T,, = 0,9T;; 
JWIA TOBOPOTHOJIONACTHBIX TYPOHH 
T,, = 0,77. 


TouHbIH pacueT rapaHTHH peryJIHpOBaHHA MO3BOMAeT yUeCTb BJIMAHHE 
lapaMeTpOB 3aKOHa ABHXKeEHHA CepBOMOTOPAa, H3MeHeHHe K. i. A., KHHeMATH- 
YeCKYIO CBA3b HallpaBJIAloWlero alnapatTa c CepBOMOTOPOM, yHHBepcaJbHy!o 
XapakTepHcTHKy TypOuHbI. Tako pacueT MpOH3BOAHTCA OObIMHO IPH TeXHH- 
YeCKOM IIPOCKTHPOBaHHH KOHKPeTHOH MalllHHbl. 

Jia ycroHuMBoH paOoTb rugzpoarperata, OcOOeHHO B Iipolecce peryJIHpo- 
BaHHA, BayxKHOe 3HaveHHe MMeeT BEJIHM4YHHA MAXOBOFO MOMEHTa arperata. 

BewH4HHa MAXOBOrO MOMeHTA arperata ONpezeAeTCA B OCHOBHOM M@aXOBbIM 
MOM@EHTOM reHepaTopa, TaK KaK M@XOBOH MOMeHT TYPOHHbI HMeeT HeEOOUIbILTYIO 
BeIHMUHHY (1pHMepHo 10% MaxoBoro MOMeHTa reHepaTopa). O6bIMHO 3HadeHHA 
MAaXOBOFO MOM@HTAa FeHepaTopa OIIPeAeJIAIOTCH 3aBOJOM-H3rOTOBHTeeM reHe- 
paTopa, yYCTaHaBJIHBaIOWHM BPpeMA 3aKPbITHA TYPOHHEI. 

Heo6xoquMbIM MO yYCJIOBHAM peryJIHpOBaHHA MAXOBOH MOMeHT arperata 
3ABHCHT OT MOILHOCTH H CKOPOCTH BPallleHHA, BPCMeHH 3aKPbITHA HalipaBa- 
rollero alilapaTa TYPOHHbI HW NOBbINIeCHHA JeHCTBYIOWlero Hanopa. OTH BeJH- 
UHHbI BSAHMOCBA3AHbI H ONpPeNeMAIOTCA TPH pacueTe yCTOHYHBOCTH peryiH- 
poBaHH”A. | 

[]pu61uxKeHHO BeIHYHHY MAXOBOrO MOMeHTa FreHepaTopa MOXHO oMpejle- 
AMTb TO PopMyue 


GD* = 3 (Dz, —P2,) le moa? (XII.9) 


rae Dz, — HapyXHbIM AHaMeTp poTopa B M; 
|, — JWIMHa MakeTa aAKTHBHOH CTaJIH B M; 
Dz, — BHYTPpeHHHH BuameTp oO0fa poTopa B mM. 


BenH4unHa BHYTpeHHero AHaMeTpa oO6oJa onpeyzesineTcA 3aBHCHMOCTbIO 
Dz, — Dz, — 2h, — 2h,, 


re h, — BbICOTa IIOJIKOCOB; 
h, — wupuHa obosa. 

K nouwyyeHHOMy 3HaYeHHIO MAXOBOFO MOMeHTa CJlelyeT mpHOaBHTb 10% 
JWIH y4eTa MAaXOBOTO MOMeHTa poTopa H AKOpeH BO3OYAHTeA. 

Onpenejenue pasMepoB MacaoHanopHonK ycraHoBKH. MacjoHanopHaa ycta- 
HOBKa XapaKkTepH3yeTcA OObeMOM HalMOpHOro KOTWa, 3aMOJIHCHHOrO MaCJIOM 
H BO3AYXOM. 

J1aa Bpi6opa O6beMa KOTJIa HYKHO 3HAaTb KOJHYeECTBO MacJla, HEOOXOAHMOe 
@HHOBPeMeCHHO JIA peryuHpoBaHHaA. Tipu 3ToM ucxoAAT u3 HaHGOovlee HeOua- 
rOMPHATHBIX Pe@2KHMOB paOOTbI CepBOMOTOPAa, B KOTOPbie NosaeTcCH MacJIO, H 
YUHTHIBAIOT MpoTeukH. TIpH pacxoqoBaHHH MacCJla faBeHHe B KOTMe OyeT 
YMe€HbIUaTbCA, TAK KaK IIPOH3BOAHTeJIbHOCTb MaCJIAHOTO Hacoca He KOMIIe€H- 
CHpyeT BO3MO2XKHOrO MAaKCHMAaJIbHOrO pacxOa MaCJla H3 KOTVIA. 

Bo3lywinb o6beM KOTJIa JlOuKeH OOeCNHeEYHTh NOCcMe H3pacxXOMOBaHHA 
Maclla Ha Mpomecc peryJIMpOBaHHA MHHHM@aJbHOe JaBleHHe, MOcTaTOUHOe 
JWIA 3aKPbITHA TYPOHHDI WIM 3aTBOpa ycTaHOBKH. Ilaqenne AaBseHHA B MaCJO- 
HallopHou ycTaHoBKe OyJeT Tem Oowbiie (IPH OAHOM H TOM Ke OObeME H3Pacxo- 
JOBaHHOrO MacJla), YeEM M@HbIMe B HavaJIbHbIM MOMCHT BeCOBOe KOJIH4eCTBO 
BO3SAyxXa H YeM HHKe HauvaIbHoOe MaBJIeHHe. 
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TlomHpii o6bemM HanopHoro KoTMa OyeT paBeH | 
Ve = Va + AV + Vsoan, (XIT.10) 
rye V, — HeoOxOJHMBIH BOS YUIHbIA OObeEM KOTJa B Ha4aJIbHbIii MOMeHT; 
AV — MaKCHMaJIbHBIM OObeEM H3PaCXONOBaHHOTO H3 KOTMa Maca; 


Vsan — 3aNaCHOH OObeM MacJia B KOTJe, IpHHHMaeMbIii 10 KOHCTPyKTHB- 
HbIM CooOpaxkeHHaM. 
OMbITOM yYCTaHOBJeHO, YTO Mpolecc B KOTJe HMeeT aluaGaTHUeCKHH Xapak- 
tep. iia 11060TO MOMeHTa BPeMeHH BO3AYUIHbIN O6beM KOTMa V uw WaBseHne 
B H€M P CBA3AHbI CJIEXYIOUILHM ypaBHeHHeM: 


pV" = const, (XIT.11) 
rye k = 1,41 — nokas3ateib ayua6aTol. 
Mexny BeEIHMYHHOH BOSAYWIHOrO OObeMa KOTJIa B HavaJIbHbI MOMeHT Bpe- 


MeHH (U,, Py) H NOCHe pacxoQOBaHHA H3 KOTIa OObeMa Macwia (Vj, p3) Cyule- 
CTByeT 34BHCHMOCTb 


p,V* = p,Vi. (XI1.12) 


B kone nmpomecca pery1MpoBaHHA H NOCeZOBaBlerO ABAPHHHOLO 3aKPbI- 
THA H3 KOTJIa OyeT H3PpacXOJOBAH MAKCHMAaJIbHbIN O6beM Macuia. IIpH 3TOM 
BOSAYWHBIH OObeEM KOTJa H WaBseHHe B HeM. OyAyT 


V, = V, +AV; 
Pi = Pmio 
rI€ Pan — MHHHM@JIbHOe JaBeHHe B KOT/Ie, HeOOxOAHMOe AMA 3aKPbITHA 
HalpaBJAiolero amnapata TY pOHHBI. 


CieqoBaTesbHo, 43 ypaBHeHH (XII.12) u (XII.13) 3Hauenne HeOOXOMH- 
MOrO BO3,yluHOrO O6bemMa KOTMIa OyeT PaBHO 


AV 
V, = —== 
Pe Pu - ] 
Poin 
MaxkcuMaJibHbit pacxoy H3pacXONOBaHHOFO W3 KOTIa Maca OyweT Ckalpl- | 
BaTbcA H3 AByX OObEMOB 


(XII.13) 





, — (XI0.14) 


AV = AV, + AVae (XIT.15) 
rye AV, — MakCHMaJbHbIit oObeM MacJla, H3paCXONOBaHHbI Ha peryJIMpoBa- 
HHe; 
AVae — OO6bEM Macua, H3pacxoqoBanHoro Ha aBapHitHoe 3aKpbiTuHe. 


Cnenoparenbuo, u3 ypaBHeHHn (XII.10), (XII.14) wu (XII.15) 6yzem 


UMeTDb:. 
1 
a 1 
P min 


Benwauues AV, AV oe BxOwAmHe B 3TY opmy.ly, NOACUHTHIBAaIOT HCXOA 
M3 CJI€LYIOULUX cooOpaxeHHi. 

MakcyMaJIbHbti o6bem mMacaa (AY,), pacxoqyemniii M3 KOTMa, ompeze- 
JidxeTCA OObIMHO H3 YCMOBHH CaMoro HeOaronpHATHOrO Ipowecca peryJupoBa- 
HHA, KOTOPbIM MOKeT KOr4a-J1HOO ObITb B SKCIHyaTalHH. 

IIpu 93TOM Mpomecc peryJHpOBaHHA MpOHCXOAMT pvH NomHOM eOpoce 
Harpy3KH, KOTOPHIH CONpOBOwRAAeTCA Y NOBOPOTHOJONACTHBIX TYPOHH NOJHBIM 
3AKPbITHeM. CepBOMOTOpa paboyero KOJIeca H HeCKOJbKHMH KOMeOaHHAMH 
cepBOMOTOpa HallpaBJaloulero alnapata. Bewley 3a 3THM arperaT MOBTOPHO 
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V~= (AV, + AV ae) 





+1) + Vea: (XII.16) 


BKIO"UaeTCA B CeTb H HaOupaeT MOJHY!O Harpy3kKy, YTO BbIZbIBaeT MOMHOe 
OTKPbITHe Ce€pBOMOTOpa paOouero KOJIeca H NOJHOe OTKPLITHe CepBOMOTOpPAa 
HalipaBJIAloWlero alimapata (9TOT Mpoecc OObI4HO NpoTekaerT 6e3 KoOeOaHHh). 
Tlocme yka3aHHOTO Mpolecca BOSHHKaeT MHHHMAaJIbHOe aBJIeHHe, BbI3bIBa- 
roulee ABAPHHHOe Z3aKPbITHe HalpaBsAlollero amnapata. 

TVA NOBOPOTHOMONAaCcTHbIX Ty pOnH MAKCHM@JIbHbIM OOBeEM MacCJla, H3pac- 
XOMOBAHHbIN H3 KOTIa MaCJIOHANOpHOoH yCTaHOBKH B IIpolecce pery/MpoBaHHa, 
OyaeT paBeH 


AV, =(@+ 1) Viva + 2V 5. «(Tp 9 + Tp. x0) CY Gn — 9), (XIL.17) 


rye | Ve. a— o6pem C€PpBOMOTOPOB HanpaBsArollero alnapata; 
p.« — OObeEM cCepBOMOTOpa paboyerO KOVIECa; 
= (1,52) — 4HCJIO XONOB, COBepIaeMbIX C€PBOMOTOPOM HalipaBJa- 
loulero annapaTa pH ABHKeHHH pa6ouero KovIeca Ha 
3aKDPbITHe; 
Ty.x.3 @ Ty. ~.90 — BPCMA 3AKPLITHA UM OTKPbITHA paOouero KONeCa; 
g — IipoTeukH MaCJla B CHCTeMe peryJIMpoBaHHg; 
YQ. — CYMMapHad MPpOH3BOAHTeIbHOCTb HaCOCOB B Mpollecce 
peryJIMpoBaHHaA. 


- O6bemM Maca, u3pacxoqOBaHHOrO Hu3 KOTIJAa Ha anapuiiuioe 3aKpbITHe, 
OyheT paBeH 





Moe = Vu. a + 7 2VeetTua (XII.18) 


roe 7,.q¢ — BPCMA 3aKPbITHA HanpaBsawollero anmapata. 

JA palWalbHO-oceBoH TYPOHHbI MAKCHMAJIbHbIM OObeEM MaCJla, H3pacxo- 
JOBaHHOroO. H3 KOTJIa Ha peryJIHpoBaHhe HU aBapHhHoe 3akpbiTHe, OyeT onpe- 
AeIATbCA 10 MOpMyw1amM 


= (@ +1) [Vag — Tua (YQ — 9)I; (XII.19) 
AVae = Visa + Ty.a* (XIT.20) 


CiieqOBaTeJIbHO, TOJHbIH OGbeEM HalOpHOro KOTa C yY4eTOM BbIpaKeHHh 


(XIT.16)—(XIT.20) 6yner onpeqenatpca chopmMyviamu: 
JIA NOBOPOTHOMONAcTHbIX TYPOHH 


Ve= [4 +2)Vua+ (2 + 7%) Vow — (Tomo tT p. x0) X 





+ 1) + Veani (X11.21) 





x (> Qn — q) + Te | Tan 
| | 


Prmin 


JIA pafWaJIbHO-OCeBbIX TYPOUH. 


Vi (ae +2) Vaca Tua (da Qu— 9) (a + I) + 


— ft 
y fa 1 
Pmin 


CooTHOleHHe M@KAY BPeMeHeM ABHXKeHHA CepBOMOTOPa HalpaBJIAtoulero 
annapatTa H cepBomMoTopa pa6ouero KOvleca NMPpHHHMAaeTCA: 


+1) + Vea (XII.22) 





+ Tr. 09| 
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AJA JBHXKECHHA Ha 3aKPbITHE 


Tp. 8 = 67,4 
JIA JBHKeCHHA Ha OTKPbITHe 

Tp. K.0 3ST y. a: 
HayasbHoe JaBseHve B KOTMe GyleT paBHO 

Pu = Pe — Apu» 


rye p,— BepxXHHH Iipesesl HOPMaJIbHOrO AaBJICHHA B KOTVIe; 
Ap, = 1,5+2,0 xI/cm? — nepenay JaBieHua, co3qaBaemoro Mmepenyck- 
HbIM KJIamaHOM Hacoca. 
MuHHMaJbHoe aBseHHe B KOTJIe 


Pmin —= Puom “+ Ap, 


PC Puyo — MHHHMAaJIbHOe NOTpeOHOe AaBseHHe B CepBOMOTOPe, KOTOpOe 


ompefeinetcaA H3 pacyeTa CHJIOBOH CXeMbI HalipaBsaroulero 
annlapata; | 


Ap = 0,5+1,0 xI’/cm? — 3amac jaBaeHna. 
IlpousBoquTebHOCTb Hacoca Q, ONpewemseTCA H3 yCJIOBHA BOCCTaHOB.Ie- 
HHA paOoToH HacocoB B TeueHHe BpeMeHH TJ, H3paCXOJOBaHHOTO H3 KOTJa 


B Iipomecce peryHpoBaHHa oObema Macsia. C yyeTom ypaBHenui (XII.17) 
HM (XII.19) 6yyem umerp: 


JIA MOBOPOTHOJIONACTHBIX TYPOuH 


— (% + 1) Vy. a + 2Vp. x q . | 
Qu = B (To + Tp. x-3 + Tp. x. o) +r Bp? (AII.23) 


AAA PalHabHO-OCeBLIX TyPOHH 
_ _(@+1) Vana. q 
Qn = B(To + &Tx. a) + B 3 (X 11.24) 


rie B — Kos@MuUHeHT paOOThI HacocoB. 
Jia BocCTaHOBeHHA 7) WpakTHYeCKH MPHHHMaeTCA: 
JIA CpeqHHXx TypOuH 


T,) = 80+ 140 cex; 
JIA KPyYHbIxX TYPOHH 
T,) = 140~+200 cex. 


IIpu onpezeneHuH CyYMMapHOH MpOH3BORHTeMbHOCTH HAaCOCOB CUHTAIOT, 
4YTO OAMH HaCOC HarHeTaeT MACJIO B KOTeJ BO BCe BPeMA MIpOTeKaHHA Mpoiecca, 
a BTOPOH HarHeTaeT TOKO UaCTb STOO BPeMEHY, T. e. 


¥} Qu —= BQ.) 


rye B = 1,8 — Kkosdumnent paOoTbl Hacocos. 

IIpHOan2xKeHHOe COOTHOMeHHE MexKAY OOBEMOM KOTJIa WH OObEMAMH CepBoO- 
MOTOPOB JIA pasJIH4HbIX THNOB TypOHH npHHHMAIOT: 

AAA eee ae Ty pOuH 


Ve = (18+20) Vyg + (8-+4) Vo. x: (XIT.25) 


JIA PaHaJIbHO-OCeBBIX TYPOHH C XOJIOCTbIM BbINyCKOM H 3aTBOPOM, eCJIH 
NOCJI€AHHE YIIpaBJIAIOTCA MACJIOM H3 MaCJOHANOpHOH ycTaHOBKH, 


Vie & (18+20) Vy.g + 3V5 + (9410) Vy, (XII.26) 
rye V, H V, — OObeMbI CEpBOMOTOPOB 3aTBOPa HM XOJIOCTOTO BbINyCKa. 
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CooTHOueHHe Mexy O6bemMaMH Bo3aAyxa V, H Maclia V, B KoTMe pu HOp- 
MaJIbHOM COCTOAHHH OObIUHO NPHHHMaeTCA: 


= (0,6+0,7) Ve: (XI1.27) 
V, = (0,3+0,4) V,. (X11.28 


OcHOBHbIe pa3Mepbl HaNOpHOrO KOTJa MpHHHMaIOT, HCXOAA H3 NOMHOTO 


oObeMa, UTOO! BbIZeEpKHBAOCh CuleLyIOUlee COOTHOIIeHHeE MexKy BbICOTOH 
KoTIa H wu quametpom D: 


= (2+3) D. (XII.29) 
TouulHHy CTCHOK HallOpHOrO KOTVJIa ON PCAC ALOT B COOTBETCTBHH C HOp- 


MaMH KOTJIOHag30pa NO *opmyuie: 
Aaa OapaOaHa kota 


Sg—= Pe tg: (X 11.30) 
( 230 22 —p) @ 
AAA HHUA 
$y = Pew Peat + co, (X11.31) 
200 2. | 
rye p — pacueTHoe jaBaeHue B KI/cm?; 


D, — BHYTpeHHHH JWaMeTp KOTAa B MM; 
D,— HapyXHblh WMamMeTp AHHULa B MM; 
O, — pene mpounoctTu B KI /mm?; 
n — 3allac MpouHocrTH; 
@ — KospPDHUHeEHT MpouHOcTH cBapHBIX LUBOB; 
y — KO3IPPHUHEHT, YUHTHIBaIOLIHH OopMy AHHIULa; 
Ce H Cg — pHOaBKa (B Mm) Ha Pa3HOCTeCHHOCTb MpPOKATHbIX JIMCTOB H Ha 
HX KOPpO3HIo. 
IIpH pacuerax KOTJOB MpHHMMAaIOTCA: : 
lo, = 41 xI'/cm? AA MaTepuHana cranb 20K; n = 4,35; go = 0,95; c, = 
= 1+2 mm, C9 = 2+3 mo. 


37 H, H. Kosanes 
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